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INTRODUCTION 

Background 

Patents,  as  incentives  for  innovation,  are  well  established  in  the  U.S. 
free-enterprise  system.  Often  overlooked,  however,  is  a  second  great 
benefit  of  the  patent  system:  the  enormous,  continually  expanding  patent 
file.  This  file  includes  more  than  4  million  distinct  U.S.  patents.  These 
patents  are  classified  and  cross-referenced  among  the  approximately 
100,000  categories  of  technology  that  make  up  the  U.S.  Patent 
Classification  System.  Along  with  similarly  categorized  foreign  patents  and 
other  technical  publications  they  make  up  a  collection  totaling  more  than 
23  million  documents  —  a  collection  which  grows  by  over  half  a  million 
documents   annually. 

Patent  law  requirements  for  a  full  disclosure  of  invention  (which  is  then 
published  as  part  of  a  patent  grant)  have  resulted  in  an  unique  assemblage 
of  technological  information.  Not  only  does  the  patent  file  embody  the 
most  comprehensive  collection  of  technical  information  of  its  kind  in  the 
world,  the  information  is  inherently  presented  in  a  manner  such  that 
nearly  every  significant  development  in  almost  all  technical  fields  flows  in 
a  natural  time-series  sequence  —  virtually  welcoming  monitoring  and 
analysis. 

In  its  own  unique  way,  this  file  represents  a  national  resource.  The 
Patent  and  Trademark  Office  (PTO)  recognizes  it  heavy  responsibilities  not 
only  to  preserve,  maintain,  and  improve  the  file,  but,  as  well,  to 
maximize  its  use  for  the  greatest  public  benefit.  It  was  as  part  of  its 
effort  to  discharge  this  latter  responsibility  that  the  Patent  and  Trademark 
Office  established,  in  1971,  its  technology  assessment  and  forecast  pro- 
gram. 

In  its  most  general  terms,  the  mission  of  the  program  is  to  stimulate  and 
enhance  the  use  and  usability  of  the  patent  file,  and  to  assemble,  analyze 
and  make  available  meaningful  data  about  the  file.  In  carrying  out  this 
mission,  the  Office  of  Technology  Assessment  and  Forecast  (OTAF),  which 
administers  the  program,  has  assembled  and  built  a  master  data  base 
covering  all  U.S.  patents.  This  data  base  has  been  used  to  support:  (1) 
the  preparation  of  a  series  of  nine  OTAF  general  distribution  publications 
(see  Appendix  B);  and  (Z)  OTAF's  special  report  services  (see  Appendix 
C). 

Patent   Profiles 

In  an  effort  to  continually  provide  data  in  a  form  which  is  useful  and 
convenient  to  the  interested  reader,  OTAF  is  now  presenting  a  new 
publication  series  —  PATENT  PROFILES.  Each  of  these  publications  will 
deal  with  a  specific  technological  area  and  will  survey  the  patent  activity 
of   that    area    for   a  given   period   of  time. 


PATENT  PROFILES  provides  many  different  kinds  of  information  about  a 
particular  area  of  the  patent  file  and  assembles  this  information  in  a  for- 
mat which  enables  the  user  to  extract  the  information  needed  or  to  collect 
necessary  data    to    lead    to    the   desired   information. 

Thus,  interested  users,  both  technically  and  non-technically  oriented,  from 
the  public  and  private  sectors,  will  be  able  to  gain  insight  into  what  is 
being  done  in  a  technology,  who  is  doing  it,  where  it  is  being  done  and  in 
what   direction    the    technology   is   headed. 

The  objective  of  these  publications  is  to  use  the  U.S.  patent  file  as  a 
prime  reference  source  in  significantly  adding  to  the  universe  of  knowledge 
from  which  future  inventors  and  innovators  draw,  and  upon  which  corpor- 
ate   and   public  policy   planners   rely. 

Solar   Energy 

Energy  plays  an  essential  role  in  virtually  all  aspects  of  our  economy.  V/ith 
the  rising  costs  of  oil,  and  now,  the  increasing  threat  to  the  availability 
of  foreign  oil  at  any  price,  it  is  not  surprising,  therefore,  that  the  pres- 
sure to  be  inventive  in  meeting  an  energy  shortage  has  become  a  national 
challenge.  Thus,  technologists  are  turning  their  efforts  toward  a  number 
of  energy  alternatives,  seeking  ways  to  create  new  or  synthetic  fuels 
(reviewed  in  our  first  issue  of  PATENT  PROFILES,  December,  1979)  and 
techniques  to  harness  our  vastly  abundant  natural  endowments,  termed  col- 
lectively  as   SOLAR   ENERGY. 

The  term  solar  energy  is  becoming  synonomous  with  a  widespread  industry 
involving  many  technologies.  These  include  not  only  the  use  of  the  sun's 
heat  and  light,  through  such  developments  as  solar  cells  and  panels,  col- 
lectors and  concentrators,  but  also  the  use  of  other  natural  resources  such 
as  wind,  tide  and  wave,  and  geothermal  and  other  natural  terrestrial  heat 
energy. 

The  portions  of  the  U.S.  patent  file  identified  as  pertinent  to  the  various 
fields  of  solar  energy  have  grown  dramatically  in  recent  years  —  expand- 
ing by  a  total  of  1218  U.S.  patent  documents  in  the  three  year  period 
1976-1978.  Interestingly,  this  overall  upward  trend,  in  most  segments  of 
solar  technology,  is  due  primarily  to  domestic  efforts.  This  is  particularly 
significant  at  a  time  when  many  other  technologies  are  experiencing  both  a 
domestic  patenting  decline  and  a  sharp  increase  in  foreign  origin  U.S.  pa- 
tenting. A  review  of  the  patenting  statistics  given  in  the  profile  of  each 
solar  energy  category  reveals  much  about  what  is  happening  in  this  growing 
industry. 


EXPLANATION   OF   DATA   AND   FORMAT 

This  report  presents  profiles  of  patenting*  in  five  major  areas  of  solar 
energy  technology,  and  in  the  related  areas  of  wind,  geothermal  and  tide 
and    wave   energy.      Each   of   the   profiles   is   divided   into    three   parts: 

PART   1 

Part  1,  the  first  page  of  each  profile,  identifies  the  area  which  is 
examined,  lists  the  pertinent  U.S.  Patent  Classification  (s)  involved,  and 
graphically  illustrates  patent  activity  (across  a  designated  10-year  span) 
in  two  ways:  (1)  by  the  patent  grant  date;  (Z)  by  the  granted  patents' 
application  filing  date.  The  latter  method  presents  what  is  often  consid- 
ered a  more  useful  measurement  tool  since  application  filing  dates  are 
closer  in  time  to  the  actual  development  of  the  technology  disclosed  in  the 
patent  and  are  independent  of  PTO  production  variance.**  Levels  of 
involvement  by  foreign  residents,  corporations,  and  government  agencies  in 
recent  U.S.  patent  activity,  as  well  as  a  measure  of  relative  growth  in  the 
particular  technological  area  are  presented  in  the  "Activity  Indices" 
(defined   below). 


•EXAMPLE 


GROWTH 
FOREIGN  SHARE 
CORPORATE  OWNED 
GOVERNMENT  OWNED 
U.S.  OWNED  OF  FOREIGN 


PATENT  ACTIVITY 

Br  PATENT  GRANT  DATE 
1969-1978 


Palvit*   10  -i 


BY  APPLICATION  FILING  DATE 
1967-1976 


.S.  ORIGIN 
rOREICN  ORICIN 


3t=q: 


"frl'"H 


1967    68    69     70     71     72     73     74     75     76 


TECHNOLOGY  SCOPE 


U.S.  PATENT  CLASSIFICATION 


ACTIVITY  INDICES  -  DEFINED 

%  GROWTH:  The  number  of  patents  granted  in  the  period 
1976-78  divided  by  the  total  number  of  patents  granted  in 
the  period  1969-78,  multiplied  by  100.  (Average  for  all 
technologies   =   28.4%) 

%  FOREIGN  SHARE:  The  number  of  patents  granted  to 
residents  of  foreign  countries  in  the  years  1976-78,  divided 
by  total  number  of  patents  granted  in  these  years,  multiplied 
by    100.       (Average    for   all   technologies   =   37.0%) 

%  CORPORATE  OWNED:  The  number  of  1976-78  patents 
assigned  at  time  of  grant  to  U.S.  or  foreign  non-government 
entities  —  mainly  corporations  —  divided  by  the  total  num- 
ber of  patents  granted  in  this  three  year  period ,  multiplied 
by    100.       (Average    for   all   technologies   =   76.4%) 

%  GOVERNMENT  OWNED:  The  number  of  1976-78  patents 
assigned  at  time  of  grant  to  the  U.S.  Government  or  a 
foreign  government,  divided  by  total  number  of  patents 
granted  in  this  three  year  period,  multiplied  by  100. 
(Average    for   all   technologies    =   2.6%) 

%  U.S.  OWNED  OF  FOREIGN:  The  number  of  1976-78 
patents  with  a  foreign  resident  inventor  assigned  at  the  time 
of  grant  to  a  U.S.  organization,  divided  by  the  number  of 
patents  with  a  foreign  resident  inventor  in  these  years, 
multiplied   by   100.       (Average    for   all   technologies   =   8.5%) 


The    information    on    this   page    can   be    interpreted    as    indicative    of    trends   in 
the   direction   and   rate   of  growth   of   the   subject   technology. 


*   U.S.    Patents   only 

**See    further   explanation   in   Appendix   A. 


PART   2A 


EXAMPLE* 


SOLAR  ENERGY 


Part    2A  of   each   profile 
shows   in   tabular    form 
the   data   relied   upon   in 
constructing   the   graph- 
ical  illustrations    in 
Part    1.      The    first 
table   shows   the   yearly 
distribution   of  patents 
by   the    date   of   the   pat- 
ent   grant ,    while   the 
second   table   redistri- 
butes  this   data   based 
on   the    application 
filing   date   of   the 
patents.      The   useful- 
ness  of   this    latter 
data   distribution   is 
mentioned   in   the    ex- 
planation  of  Part    1,    and    further   detailed   in   Appendix   A. 


DIRECT  CONVERSION  OF  SOLAR  ENERGY  TO  MECHANICAL  ENERGY 
PATENT  ACTIVITY  (1963-1978)  BY 


TOTAL 
U.S.  ORIGIN 
FOREIGN  ORIGIN 

CANADA 

ITALY 

FRANCE 

GERMANY 

JAPAN 

AUSTRALIA 

U.S.  ORIGIN 
U.S.  CORP. 
U.S   GOVT 
U.S.  INDIV.  OWNED 
FOREIGN  OWNED 


OWNED 
OWNED 


FOREIGN  ORIGIN 
U.S.  OWNED 
FOREIGN  OWNED 


1968 
1 


DATE  OF  PATENT  GRANT 

NUMBER  OF  PATENTS  - 
1971     1972    1973 


PART   2B 


Part    ZB  of   each   profile   provides 
a   list    of  assignees*  ranked  by 
the   number   of  patents,    in   the 
technology,    to    which   they  held 
title   at    the    time   of   the   patent 
grant.      In   some   instances,    the 
listing   is    limited   by   designa- 
tion  of   a   "cut-off"    (e.g.,    "2 
or   more   patents").      The    time 
period   covered   is    1969-1978. 
This   list    identifies   those 
assignees,    mostly   corporations, 
which   received    the    most   patents 
in   the    technology   encompassed 
by   the   profile   during   the   subject 
time  period,    and   shows   the    com- 
parative  relationship   of   their 
activity   to    that    of   the   other 
participants   in   the    field. 


■EXAMPLE 


DIRECT  CONVERSION  OF  SOLAR  ENERGY  TO  ELECTRICAL  ENERGY 


ASSIGNEES  WITH  2  OR  MORE  PATENTS   (1/69  -  12/78) 

UNITED  STATES  OF  AMERICA,  NATIONAL  AERONAUTICS 

AND  SPACE  ADM  4  3 

TRW  INC.  17 

COMMUNICATIONS  SATELLITE  CORP.  15 

HUGHES  AIRCRAFT  COMPANY  14 

WESTINGHOUSE  ELECTRIC  CORP.  13 

UNITED  STATES  OF  AMERICA,  NAVY  11 

RCA  CORPORATION  11 

OPTEL  CORPORATION  10 

U.S.  PHILIPS  CORPORATION  9 

LICENTIA  PATENT-VERWALTUNGS-GMBH  9 

BELL  TELEPHONE  LABORATORIES  INCORPORATED  9 

MOBIL  TYCO  SOLAR  ENERGY  CORP.  8 

UNITED  STATES  OF  AMERICA,  AIR  FORCE  7 

TEXAS  INSTRUMENTS,  INCORPORATED  7 

SOLAREX  CORPORATION  6 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  6 

UNITED  STATES  OF  AMERICA,  DEPARTMENT  OF  ENERGY  6 

UNITED  STATES  OF  AMERICA,  ARMY  5 

SOCIETE  ANONYME  DE  TELECOMMUNICATIONS  5 

AMERICAN  CYANAMID  COMPANY  4 

INTERNATIONAL  BUSINESS  MACHINES  CORPORATION  4 

GLOBE-UNION  INC.  4 


*See    definition   in   Appendix    A. 


PART  2C 


Part    2C   of   each  profile   also    covers 
assigned   patenting   during   the   pe- 
riod  1969-1978.      Assignees   are 
listed   alphabetically   followed 
by   a  numerical   listing   of  patents 
to    which   they  held   title   at    the 
time   of  patent    grant. 

This   section   provides   valuable   in- 
formation  to   potential   entrepre- 
neurs,   competitors   and   those   in 
need   of   technological  know-how   by 
identifying   corporate   actors   in   the 
field.      Inclusion   of  patent    titles 
further   defines   the   subject   tech- 
nology  arena. 


■EXAMPLE 


SOLAR  ENERGY  -  DIRECT  CONVERSION  OF  SOLAR  ENERGY  TO  MECHANICAL  ENERGY 

ASSIGNED  PATENTING! 1/69  -  12/78)  -  -  ALPHA  LISTING 

AAI  CORPORATION 

3994435   -   SOLAR  ENERGY  CONC ENTRAT I NG  AND  COLLECTING  ARRANGEMENT  AND  ME' 
4004574   -   SOLAR  ENERGY  CONCENTRATING  ANO  COLLECTING  ARRANGEMENT  WITH  SI 
D 

AGENCE  NATIONALS  DE  VALORISATION  OE  LA  RECHERCHE  ANVAR 
3937599   -   PUMPING  SYSTEM  USING  SOLAR  ENERGY 

AGENCE  NATIONALS  DE  VALORISATION  DE  LA  RECHERE  (ANVAR) 

4010732   -   MULTI-STAGE  SYSTEM  FOR  ACCUMULATION  OF  HEAT  FROM  SOLAR  RADIAf 


3ILLI  S.P. A . 
3938355 


METHOD  OF  KNITTING  A  PLURALITY  OF  CONVERGENT  TUBULAR  PORTION' 


BROWN;  ANDREW  GRAHAM 

4068476   -   SOLAR  DRIVEN  POWER  UNIT 

CREATIVE  ENTERPRISES  INTERNATIONAL 

3659960   -   TRANSMISSION  OF  FLUIDS  THROUGH  A  PIPELINE 

FABBRICA  ITALIANA  MAGNETI  MARELLI  S.P. A. 

4118638   -   SYSTEM  OF  DISTRIBUTING  PILOT  SIGNALS 

GULF  OIL  CORPORATION 

3868823   -   CONCENTRATOR.  METHOD,  AND  SYSTEM  FOR  UTILIZING  RADIANT  ENERG1. 

KAY  LABORATORIES.  INC. 


PART   2D 


Part  2D  of  each  profile  presents  an  alphabetical  listing  of  inventors  of 
unassigned  patents  (1975  to  1978)  together  with  their  addresses,  the 
patent  numbers  and  titles.  This  information  facilitates  identification  of 
the  apparently  unaffiliated  or  "independent  inventor"  participants  in  the 
technology.  Standard,  two  character  codes  are  used  to  designate  U.S. 
states  and  foreign  countries.  While  the  meaning  of  state  codes  should  be 
obvious,  the  foreign  country  codes  may  not.  Consequently,  those  appear- 
ing in  the  Part  2D  listing  are  given  in  Appendix  A. 
■EXAMPLE ' ' — — — — — — — — 


SOLAR  ENERGY  -  DIRECT  CONVERSION  OF  SOLAR  ENERGY  TO  MECHANICAL  ENERGY 

UNASSIGNED  PATENTS  (1/75-12-78)  INVENTORS  (ALPHA  LISTING) 

INVENTOR  NAME  STREET  CITY 

ARTHUR  DAVID  M.  4020  N.  14TH  AVE.  PHOENIX 

4010614   -   SOLAR  RADIATION  COLLECTOR  AND  SYSTEM  FOR  CONVERTING  AND  STORING  COLLECTED  SOLAR  ENERGY 


BRINJEVEC  HEINZ  J.  3990  RIBERDY  ROAD 

4047385      SOLAR  TO  ELECTRICAL  ENERGY  CONVERTING  SYSTEM 


WINDSOR,  ONTARIO 


BRYCE  NORMAN 

3999389   -   SOLAR  ENERGY  CONVERTER 


BURNETT  .  JAMES  T . 

4031702   -   MEANS  FOR  ACTIVATING  HYDRAULIC  MOTORS 


P.O.  BOX  685 


RIVER  BANK  ROAD 


ST     ZIP/CNTRY 
AZ       85013 


AZ       85543 


At  the  end  of  Part  2D  is  a  list  of  those  patents  (1963-1978)  with  neither 
assignment  nor  inventor  information  in  the  data  base.  Essentially,  this 
encompasses  all  patenting  in  the  period  1963-1968,  and  non-assigned 
("independent  inventor")  patenting  from  1969  through  1974.  Titles  are 
included    for    most   patents   granted   subsequent    to    Jan.    1969- 


PATENTS  (1/63-12/78)  WITH  NEITHER  ASSIGNMENT  NOR  INVENTOR  INFORMATION  IN  DATABASE 

3436908   -   SOLAR  AIR  MOVING  SYSTEM 

3490996   -   SOLAR  HEATED  WATER  VAPOR  LIFTING  AND  CONDENSING  SYSTEM 

3509716   -   SOLAR  ENERGY  THERMODYNAMIC  MOTOR 

3514942   -   SOLAR  HEAT  TRANSDUCER  APPARATUS 

3654759   -   APPARATUS  FDR  CONVERTING  SOLAR  ENERGY  TO  LOW  COST  POWER 

3680307   -   HEAT  ENERGY  TRANSFER  DEVICE 

3752395   -   WINO  MOTOR  OPERATED  HEATING  SYSTEM 

3822692   -   CONTROLLED  SOLAR  ENERGIZED  POWER  GENERATOR 

3832853   -   WIND  AND  SOLAR  ENERGY  CONVERSION  SYSTEM  FOR  MULTI-STORY  BUILDINGS 

3841738   -   CURVED  PAPER  PANEL  REFLECTIVE  STRUCTURE 

3089670    3097480    3112862    3121265    3137125    3152260    3152442    3203167    3213284    321328^ 
3279527    3282327    3287901    3309012    3348374    3364676  O  O  O  C 


3216199    3234738 
O  0 


PART  3 

Part  3  of  each  profile  updates  the  preceding  material  by  listing  patent 
numbers,  assignee  or  inventor,  and  title  for  those  patents  which  issued  from 
January   to    October,    1979. 

PATENTS   INCLUDED   IN   THE   PROFILES 

Patent  activity  profiles  are  generated  by  first  identifying  key  Patent  and 
Trademark  Office  classifications,  i.e.,  those  entirely  or  substantially 
pertinent  to  the  technology  of  interest.*  All  the  patents  in  these 
classifications  are  included  in  the  profile.  This  procedure  results,  in  most 
cases,  with  the  inclusion  of  the  majority  of  patents  relevant  to  the 
technology  and  few  non-relevant  patents.  However,  in  a  collection  as 
large  and  as  varied  as  the  patent  file  one  can  never  be  sure  of  the 
absolute      completeness     or     "purity"     of     any     subset.  Consequently,      the 

totality  of  patents  covered  in  a  profile  should  not  be  considered  to  be 
inclusive   of  all  relevant   patents,    nor   exclusive   of   all  non-relevant   patents. 


*For  this  solar  energy  PATENT  PROFILES,  many  classifications  were  iden- 
tified which  were  only  partially  pertinent.  Isolation  of  the  solar  energy 
patents  in  these  classifications  required  a  manual,  patent -by-patent  re- 
view. In  Part  1  of  each  profile,  such  classifications  (if  any)  are  sepa- 
rately  listed. 


SOLAR  ENERGY   USE 


This  profile  summarizes  the  data  in 
Parts  1,  ZA  and  2B  of  the  groups:  So- 
lar Heaters,  Space  Heating  and  Cooling 
Systems;  Solar  Distillation  and  Evap- 
oration Concentration;  Direct  Conver- 
sion of  Solar  Energy  to  Electrical  En- 
ergy; Direct  Conversion  of  Solar  Energy 
to  Mechanical  Energy;  and  Solar  Collec- 
tors and  Concentrators.  The  individual 
profiles  follow  this  summary.  To  avoid 
duplication,  the  information  normally 
presented  as  Parts  2C,  2D  and  3  may 
be   found   in   the   individual  profiles. 


ACTIVITY  INDICES    (1976-1978) 


GROWTH 
FOREIGN   SHARE 
CORPORATE   OWNED 
GOVERNMENT   OWNED 
U.S.    OWNED   OF   FOREIGN 

PATENT   ACTIVITY 


73.9% 
12.0% 
46.4% 
5.6% 
10.1% 


BY  PATENT  GRANT  DATE 
1969-1978 


TOTAL 

A A A 


U.S.  ORIGIN 
FOREIGN  ORIGIN 


1969 


70 


mn_ 


71 


BY  APPLICATION  PILING  DATE 
1967-1976 


TOTAL 

A * A 


U.S.  ORIGIN 
FOREIGN  ORIGIN 


INCLUDED  IN  THIS  PROFILE  ARE  ALL  OF 
THE  PATENTS  FROM  THE  FOLLOWING 
CLASS/SUBCLASSES: 

23/295S;  34/93;  62/2;  126/270,271;  128/372; 
136/206;  159/1SF,1S;  203/Dig  1;  237/1  A;  353/3; 
429/111 


AND        SELECTED        PATENTS        FROM 
FOLLOWING  CLASS/SUBCLASSES: 


THE 


29/572;  60/398,641,698;   136/89;   165/18,48,64; 
202/234;   237/lR,ll;   244/58,168,173;   250/211J, 
212,215;   310/306, 307;320/2, 3, 5,9, 14, 15,23, 
30, 35, 39, 40, DIG   1;   322/2R,    2A;   350/211,    288- 
290,    292-296,    299,    300;  357/2,29,30,59; 
416/37,41,85;  417/52,53,334,379 


Patents 


I   L, I  jimi Lnm_ 

72  73  74 


nm_ 


75 


480  -i 
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SOLAR  ENERGY  USE 

ASSIGNEES  WITH  4  OR  MORE  PATENTS  (1/69  -  12/78) 

UNITED  STATES  OF  AMERICA,  NATIONAL  AERONAUTICS 

AND  SPACE  ADM  55* 

UNITED  STATES  OF  AMERICA,  DEPARTMENT  OF  ENERGY  22 

TRW  INC.  19 

UOP  INC.  19 

WESTINGHOUSE  ELECTRIC  CORP.  17 

HUGHES  AIRCRAFT  COMPANY  17 

UNITED  STATES  OF  AMERICA,  NAVY  14 

RCA  CORPORATION  13 

COMMUNICATIONS  SATELLITE  CORP.  12 

OWENS-ILLINOIS  INC.  12 

PPG  INDUSTRIES  INC.  11 

U.S.  PHILIPS  CORPORATION  10 

OPTEL  CORPORATION  10 

BELL  TELEPHONE  LABORATORIES  INCORPORATED  9 

LICENTIA  PATENT-VERWALTUNGS-GMBH  9 

HALM  INSTRUMENT  CO.  INC.  9 

MOBIL  TYCO  SOLAR  ENERGY  CORP.  8 

RAYTHEON  COMPANY  8* 

MOTOROLA  INC.  7 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  7 

BATTELLE  DEVELOPMENT  CORPORATION  6 
GREAT  SALT  LAKE  MINERALS  AND  CHEMICALS  CORPORATION    6 

BOEING  COMPANY  6 

SUNWORKS,  INC.  6 

INTERNATIONAL  SOLARTHERMICS  CORPORATION  6 

OLIN  CORPORATION  6 

AMERICAN  CYANAMID  COMPANY  5 

UNITED  STATES  OF  AMERICA,  AIR  FORCE  5 

VARIAN  ASSOCIATES,  INC.  5 

ITEK  CORPORATION  5 

SOCIETE  ANONYME  DE  TELECOMMUNICATIONS  5 

UNITED  STATES  OF  AMERICA,  ARMY  5 

DOW  CORNING  CORPORATION  5 

GRUMMAN  AEROSPACE  CORPORATION  5 
AGENCE  NATIONALE  DE  VALORISATION  DE  LA 

RECHERCHE   ANVAR  5* 

TEXAS  INSTRUMENTS,  INCORPORATED  4 

EXXON  RESEARCH  +  ENGINEERING  CO.  4 
COMMONWEALTH  SCIENTIFIC  AND  INDUSTRIAL 

RESEARCH  ORGANIZATION  4 

SCIENTIFIC-ATLANTA,  INC.  4 

HOECHST  AKTIENGESELLSCHAFT  4 

GLOBE-UNION,  INC.  4 

SOLAREX  CORPORATION  4 

ROCKWELL  INTERNATIONAL  CORPORATION  4 

ALLIED  CHEMICAL  CORPORATION  4 

FAFCO  INCORPORATED  4 

AAI  CORPORATION  4 

*COMPOSITE  TOTAL,  SEE  APPENDIX  A 


1 1 


SOLAR   HEATERS,    AND   SPACE   HEATING   AND   COOLING   SYSTEMS 


This  profile  includes  heating  apparatus 
using  solar  thermal  radiation,  such  as 
cooking  stoves,  household  water  heat- 
ers, swimming  pool  heaters,  and  sys- 
tems utilizing  solar  thermal  energy  for 
space  heating  and/or  cooling,  primarily 
for  buildings.  The  heating  systems  in- 
volve the  use  of  solar  energy  to  heat  a 
fluid.  The  heated  fluid  may  be  circula- 
ted throughout  an  enclosed  space,  or 
the  heat  of  the  fluid  may  be  transfer- 
red to  a  storage  reservoir  and  circula- 
ted as  needed.  The  solar  powered 
cooling  systems  use  solar  energy  as  the 
heat  source  in  a  gas  absorption  refrig- 
eration system. 


PATENT  ACTIVITY 


INCLUDED  IN   THIS  PROFILE  ARE  ALL  OF 
THE  PATENTS  FROM: 

Class  34,      Subclass   93 

Class   62,      Subclass   2 

Class   126,    Subclasses  270,271 

Class   237,    Subclass   1A 

Class    128,    Subclass  372 

AND   SELECTED  PATENTS  FROM: 
Class   165,    Subclasses   18,    48,    64 
Class   237,    Subclasses   1R,    11 

ACTIVITY  INDICES    (1976-1978) 


GROWTH 

86.4% 

FOREIGN   SHARE 

12.6% 

CORPORATE  OWNED 

40.7% 

GOVERNMENT  OWNED 

4.6% 

U.S.   OWNED   OF   FOREIGN 

7.3% 

Patents    380  - 

BY  PATENT  GRANT  DATE 
1969-1978 


TOTAL 

£ A A 
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SOLAR  HEATERS,  AND  SPACE  HEATING  AND  COOLING  SYSTEMS 


ASSIGNEES  WITH  3  OR  MORE  PATENTS   (1/6  9  -  12/78) 


UNITED  STATES  OF  AMERICA,  DEPARTMENT  OF  ENERGY  20 
UNITED  STATES  OF  AMERICA,  NATIONAL  AERONAUTICS 

AND  SPACE  ADM  14 

UOP  INC.  14 

OWENS-ILLINOIS  INC.  12 

PPG  INDUSTRIES  INC.  11 

HALM  INSTRUMENT  CO.  INC.  9 

OLIN  CORPORATION  6 

INTERNATIONAL  SOLARTHERMICS  CORPORATION  6 

SUNWORKS,  INC.  6 

BATTELLE  DEVELOPMENT  CORPORATION  5 

RAYTHEON  COMPANY  5* 

AAI  CORPORATION  4 

MOTOROLA  INC.  4 
COMMONWEALTH  SCIENTIFIC  AND  INDUSTRIAL 

RESEARCH  ORGANIZATION  4 

UNITED  STATES  OF  AMERICA,  NAVY  4 

FAFCO  INCORPORATED  4 

HOECHST  AKTIENGESELLSCHAFT  4 

SCIENTIFIC-ATLANTA,  INC.  4 

GRUMMAN  AEROSPACE  CORPORATION  4 

ITER  CORPORATION  4 
AGENCE  NATIONALE  DE  VALORISATION  DE  LA 

RECHERCHE  ANVAR  4* 

DOW  CORNING  CORPORATION  3 

GAS  DEVELOPMENTS  CORPORATION  3 

AMERICAN  CYANAMID  COMPANY  3 

U.S.  PHILIPS  CORPORATION  3 

HUGHES  AIRCRAFT  COMPANY  3 

BORG-WARNER  CORPORATION  3 

SANDERS  ASSOCIATES  INC.  3 

RCA  CORPORATION  3 

ROBERTSHAW  CONTROLS  COMPANY  3 

UNITED  STATES  OF  AMERICA,  INTERIOR  3 

RAYMOND  LEE  ORGANIZATION,  INC.  3 

LOWE,  JAMES  L.  3 

WESTINGHOUSE  ELECTRIC  CORP.  3 

COMPOSITE  TOTAL,  SEE  APPENDIX  A 
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SOLAR   HEATERS,    AND   SPACE   HEATING   AND   COOLING   SYSTEMS 

PATENTING   UPDATE    (1/79-10/79) 

Patent   No.  Assignee   &   Title 

4,132,074  James     L.     Lowe,     St.     Petersburg,     FL:        Paving    And    Solar 

Energy   System    And   Method 

4.132.217  Solar   Energy  Products   Company:      Solar   Air   Heat    Collector 

4.132.218  Christopher    J.     Bennett,     Little    Stratton,     Moor    Hall    Lane, 
Danbury,    Essex,    England   CM3   4ER:      Vacuum   Panel 

4.132.219  Jeffrey    M.     Cohen,     &    Marion    D.     Cohen    both    of    Parkway 
House,    2201  Pennsylvania   Ave.,    Philadelphia,    PA        19130: 
Extra-Focal,    Convective    Suppressing   Solar   Collector 

4.132.220  Harry       E.       Thomason,       6802       Walker       Mill       Rd.,       SE, 
Washington,    DC      20027:      Solar   Energy   Collector 

4.132.221  Alfred    G.    Orillion,    1201-E    Cleermont    Cir.,    Huntsville,    AL 
35801:      Pyramidal   Solar   Heating   System 

4.132.222  Charles    F.     Roark,     24    Maple    La,    Brownsburg,    IN      46112: 
Solar   Energy   Collector 

4.132.223  E.     Garland    Reddell,     115    E.    26th    St.,    Yuma,    AZ       85364: 
Tracking   System   For    Solar   Energy   Collector 

4,132,356  James    L.    Ramer,    Rte    1,    Box    155,    Sullivan,    MO      63080: 

Solar   Heating  For   Home   Use 

4,133,150  Joseph     Yacoboni,      Rte.      5,      Box     409,      Lake     Placid,     FL 

33852:      Dome   And   Semi-Dome-Shaped   Structure 

4,133,183  Borg-Warner       Corporation:  Solar      Powered      Absorption 

Refrigeration   System 

4.133.298  Sanyo    Electric    Co.,     Ltd,     Moriguchi,     Japan:        Solar    Heat 
Collecting   Apparatus 

4.133.299  Halm   Instrument   Co.,    Inc.:      Solar   Heat   Absorber   Plate 

4,133,338  Allen    K.     Cooper,     Santa    Barbara,    CA:       Freeze    Protection 

For   Solar   Heating   Systems 

4.134.387  Mobil      Tyco      Solar      Energy      Corporation:  Solar      Energy 
Concentrator 

4.134.388  U.S.     Philips     Corporation:        Solar     Collector     Comprising    A 
U -Shaped   Absorber 
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4.134.389  Michael  McClintock,  162  Commerical  St.,  Boston,  MASS 
02109:      Solar   Energy   Collector 

4.134.390  Davis  I.  Rawal,  25  Maybrook  Rd.,  Waterbury,  CONN 
06708;      Solar   Heat    Energy   Transfer   System 

4.134.391  U.S.  Philips  Corporation;  Solar  Collector  Comprising  An 
Elongate   Dewar   Vessel 

4.134.392  Spectrum    Conversion  Inc.:      Solar   Energy   Collection 

4,134,544  Harry    E.    Thomason,    &   Harry   J.L.    Thomason,    Jr.,    both   of 

609     Cedar     Ave.,     Fort     Washington,     MP        20027:        Solar 
Heating   System 

4,135,367  Robert     A.     Frosch,     Adm.     of    the    National    Aeronautics    & 

Space  Adm.  w/  resp.  to  an  invention  of  C.  Martin  Berdahl, 
Sierra  Madre,  &  Carl  L.  Thiele,  Pasadena,  both  of  CA: 
Thermal   Energy   Transformer 

4.135.489  Sanders   Associates,    Inc.:      Solar   Energy   Conversion   System 

4.135.490  Bertrand  S.  Soleau,  Jr.,  4203  Kincaid  Ct.,  Chantilly,  VA 
22021:  Recircultating  Natural  Convection  Solar  Energy 
Collector 

4.135.491  Tokyo  Shibaura  Electric  Co.,  Ltd.:  Dwellings  Equipped 
With  A  Room -Heating  Device  &  Hot  Water  Feeder  Based 
On   Solar   Heat 

4.135.492  Volkswagenwerk  Aktiengesellschaft,  Wolfsburg:  Manifold 
Arrangement 

4.135.493  Acurex  Corporation:  Parabolic  Trough  Solar  Energy- 
Collector   Assembly 

4,136,272  Thermatool     Corporation:        Method    Of    Manufacturing    Heat 

Exchange   Panels 

4.136.668  Ariel  R.  Davis,  3476  Fleetwood  Dr.,  Salt  Lake  City,  Utah 
84111:      Solar   Heat   Storage   And  Utility  System 

4.136.669  George  T.  Lane,  PO  Box  306,  Fleming,  CO  80728:  Solar 
Heat    Collecting   Module   And   Modular   System 

4.136.670  Theodore  L.  Davis,  21  Meryl  St.,  Medway,  MASS  02053: 
Solar   Heating   Collector   Apparatus 

4.136.671  Carl  L.  Whiteford,  3  High  Point  Rd.,  Westport,  CONN 
06902:      Electromagnetic  Radiation  Reflector 
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4.136.672  Lawrence  W.  Hallanger,  1410  Ambrose,  Oxnard,  CA  93030: 
Flat   Plate    Solar   Energy   Collector 

4.136.673  William  J.  P.  Escher,  5065  Clinton  Ave.,  St.  Johns,  MI 
48879:      Multimode    Solar   Energy   Collector   And   Process 

4.136.674  A.L.  Korr  Associates,  Inc.:  System  For  Solar  Radiation 
Energy   Collection   And   Conversion 

4.136.675  Norman  M.  Karasick,  3254  Glendon  Ave.,  Los  Angeles, 
CA  90034:      Solar   Collector 

4.137.097  Joseph  E.  Kelly,  508  Island  St.,  La  Crosse,  WI  54001: 
Solar   Energy   Assembly 

4.137.098  The     United     States     of     America     as     rep,     by     Sec,     of     the 
Navy,    Wash.,    D.C.:      Solar   Energy  Window 

4,137,612  Robert     V.      Kelley,     837     Eton     Dr.,     Burbank,     CA    91504: 

Buoyant   Pellet    Covering  For   Swimming   Pools 

4.137.897  Walter  T.  Moore,  782  Mardigras  Ct.,  Camarillo,CA  93010: 
Unified  Array  For  Collection  And  Concentration  Of  Solar 
Energy 

4.137.898  Tokyo  Shibaura  Electric  Co.,  Ltd.:  Air  Type  Solar  Heating 
System 

4.137.899  Harold  J.  Weslow,  Jermore  H.  Weslow,  both  of  Green  Bay; 
Paul  Netzow,  Hartland,  Thomas  Weslow,  Green  Bay  & 
Roland  Weslow,  Hartland,  all  of  WI:  Multistage  Solar 
Energy   Concentrator 

4.137.900  Robert  F.  Brautigam,  P.O.  Box  102,  Agenda,  KA  66930: 
Solar   Heating   System 

4.137.901  Henry  B.  Maier,  6  Sealy  Ave.,  Hempstead,  L.L,  NY  11550: 
Solar  Energy  Collecting  And  Trapping  Apparatus  For  Home 
Heating   Or   Cooling 

4.137.902  Jesse  C.  Bunch,  816  Easley  St.,  Silver  Spring,  MP  20910: 
Energy   Concentrator   System 

4.137.903  Charles  E.  Annett,  II,  213  Chardin  Dr.,  Nokomis,  FL 
33555:      Solar  Heat   Absorber 

4,138,061  Harold   C.    Besack,    Box  458,    221    N.    21st    St.,    Beatrice,    NB 

68310:      Solar   Heating   System 

4,138,293  Kurt     F.     Ziehm,     Jr.,     P.O.     Box     13,     Land    O'     Lakes,     WI 

54540:      Pesalination   Apparatus 
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4,138,850  Dimiter     I.      Tchernev,      9     Woodman     Rd.,      Chestnut      Hill, 

MASS        0Z167;         Sorption     System     For    Low-Grade     (Solar) 
Heat    Utilization 

4.138.989  George  H.  Doyle,  8Z4  Camino  de  Paz,  El  Paso,  TX, 
79922  &  John  R.  Johnston,  Star  Rt.,  Box  1262,  Corrales, 
NM   87048;      Flat   Plate    Solar   Collector    System 

4.138.990  JENARer  Glaswerk  Scholt  &  Gen.,  Mainz,  Fed.  Rep,  of 
Germany:  Fibrous  Wall  Material  For  Cell  Structures  Of 
Solar   Energy   Collectors 

4.138.991  Maschinen  fabrik  Augsburgnurnberg  Aktiengesellschaftman: 
Flat    Solar    Collector 

4.138.992  Lloyd  H.  Shaffer,  deceased,  late  of  Stamford,  Conn.,  by 
Dorothy  B.  Shaffer,  executrix,  156  Interval  Rd.,  Stamford, 
CT  06905:      Viscosity   Stabilized   Solar   Ponds 

4.138.993  William  M.  Canley,  376  Franklin  Ave.,  Redlands,  CA 
92373:      Solar  Heater 

4.138.994  Robert  M.  Shipley,  Jr.  259  Candlelight  Dr.,  Santa  Rosa, 
CA  95401:      Solar   Heating  Unit 

4.138.995  Shao  W.  Yuan,  2021  Highboro  Way,  Falls  Church,  VA 
22043:      Solar   Energy   Storage    And  Utilization 

4.138.996  Rheem  Manufacturing  Company:  Solar  Heater  Freeze 
Protection   System 

4.138.997  Fedders  Corporation:      Solar   Heat    Collector 

4,139,055  Harry    E.     Thomason,     &    Harry    J.L.    Thomason,    Jr.    both    of 

6802     Walker     Mill     Rd.,     SE,     Washington,     D.C.         20027: 
Solar   Heating    (Cooling) 

4,139,286  Leopold     A.      Hein,      Rte.      7,      Fayetteville,     TN    37334     & 

William    N.     Myers,     4306B    Boxwood     Ct.,     Huntsville,     AL 
35805:      Apparatus   For    Concentrating   Solar   Energy 

4,139,321  Frank    D.    Werner,    Box    SR9,    Jackson,    WY      83001:      Rock 

Channel   Heat    Storage 

4,140,103  The     Broken     Hill     Proprietary     Company     Limited:  Solar 

Energy   Collectors 

4,141,185  Elvin    W.    Keith,    1115    E.    31st,    Kearney,    Neb      68847:      Solar 

Collector    Cover 

4,141,337  Addison  Products   Company:      Solar   Window   Unit 
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4.141.338  George  O.G.    Lof,    3367   S.    Willow  Ct.,    Denver,    CO     80231: 
Solar   Heat    Absorber 

4.141.339  Westinghouse   Electric   Corp.:      Solar   Heat    Collector 

4.141.340  William  P.    Niedermeyer,    1024   Mt.    Mary   Dr.,    Greenbay,    WI 
54304:      Solar   Energy   Collector 

4.141.341  Arden    T.     Eby,     Box    268,     Redmond,     OR       97756:       Solar 
Heating   Panel 

4,141,498  Walter    Marschner,     1292    Main    St.,     Slatington,     PA      18080: 

Combination     Structure     And     Greenhouse     Utilizing    Indirect 
Solar   Energy 

4,141,626  FMC    Corporation:       Method    And    Apparatus    For    Collecting 

Solar     Radiation     Utilizing     Variable     Curvature     Cylindrical 
Reflectors 

4.142.509  U.S.     Philips    Corporation:        Solar    Collector    Comprising    An 
Evacuated   Cover 

4.142.510  Fortress  Engineering  Limited:      Solar   Heater 

4.142.511  General       Dynamics      Corp.:  Solar      Radiation      Collector 
Devices   And   Systems 

4.142.512  Darrell    R.    Brown,    2558   N.W.    19th  St.,    Oklahoma  City,    OK 
73107:      Solar   Vaporizing   Chamber 

4 ,  142 ,  513  Raymond    N.     Auger,     709    Spruce    St.,     Aspen,     CO       81611: 

Hybrid   Solar    Collector 

4,142,514  Solation  Products,    Inc.:      Solar   Heat    Collector 

4,142,678  Edward     W.      Bottum,      9357     Spencer     Rd.,      Brighton,      MI 

48116:      Combined   Heat    Pump   And  Ice   Making   System 

4,143,233  Monsanto   Research   Corp.:      Solar   Energy   Collector 

4 ,  143 ,  640  Massachusetts      Institute      of      Technology:  Venetian-Blind 

Solar   Collector 

4 ,  143 ,  641  John      C.      Christopher,      68      Charlonne     St.,      Jaffrey,      NH 

03452:      Solar   Energy   Collector 

4,143,642  Vapor     Corporation:         High     Temperature     Thermal     Storage 

System    Utilizing   Solar   Energy  Units 
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4 ,  143 ,  643  Albert    A.    Gerin,    7    rue   des    Ecoles,    And   Claude    G.    Blanc, 

5    rue    du    Moulin,     both    of    Vinay     (Isere),     France:        So lar 
Heat   Trap   With  Double   Fluid   Circuits 

4,143,644  Volkswagen werk-Aktiengesellschaft:      Apparatus  For 

Producing   Useful   Heat   From    Solar   Radiation 

4,143,705  Thomas    Y.    Await,    P.O.    Box    1053,    Pensacola,    FL      32595: 

Storage   For   Heat    And   Cold 

4.143.814  Ultimate  Engineering  Corporation:  Control  And  Transfer 
Of  Energy 

4.143.815  Energietechnik   GmbH:      Heating   Apparatus 

4,144,680  Thomas     L.      Kelly,      50     Randolph     Ave.,      Waterbury,      CN 

06710:     Free   Form   Building  Construction 

4,144,716  Edsel    Chromie,    6720    Belle    Glade,    San   Diego,    CA      92119: 

Solar   Powered   Engine   And  Tracking   System 

4.144.871  Donald  F.   Porter,    130   Ramsey  PI.,    Albany,    NY     12209: 
Solar   Heat    Collector 

4.144.872  Halm   Instrument   Co.:      Solar   Energy   Collector 

4.144.873  C.  Kenneth  Blanton,  No.  49,  Pahlavi  Pahlavan,  Tehran, 
Iran:  Apparatus  For  Refracting,  Concentrating  And 
Collecting   Solar   Radiation 

4.144.874  Sunhouse,    Inc.:      Solar   Panel 

4.144.875  Richard  Bruno,  Kirchstrasse  82,  5100  Aachen,  (and  six 
other  inventors):  Solar  Collector  Comprising  An  Entrance 
Window    Consisting   Of  Evacuated   Tubes 

4,144,931  John     J.      Medico,      5331      Cape     Leyte     Dr.,      Sarasota,      FL 

33581:      Solar   Heating   And   Cooling   Collector   Window 

4,144,999  Sunhouse,    Inc:      System    And   Structure   For   Conditioning   Air 

4,145,021  Agence       Nationale       de       Valorisation       de       la       Recherche 

( ANVAR):      Altazimuth   Orientation   Support 

4.146.011  Harry  E.  Tho  mason  and  Harry  J.  Tho  mason,  Jr.:  Solar 
Energy 

4.146.012  Acurex   Corporation:      Solar   Heat    Exchange   Panel 

4.146.013  Willing  B.  Foulke,  109  Greenridge  Rd.,  Wilmington,  DE 
19804:      Solar-Exothermic   Solution  Heat   Pump 

4.146.014  Joseph  Allegro,  377  Ellamar  Rd.,  West  Palm  Beach,  Fl 
33405:      Inner   Roof  Solar   System 
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4,146,015  Engineering     &     Research     Associates,      Inc.;  Solar     Pool 

Heater 

4,146,057  Rockwell  International  Corp.;     Thermal  Buffer   System 

4,146,087  Automatik-Varme-Ventilationsservice    AW  AB;      Device   For 

Accumulation  Tanks   For   Fluid 

4.146.784  Yeda    Research    &    Development    Co.,     Ltd.;       Sun    Tracking 
Device 

4.146.785  Sunpower      Systems      Corporation;  Sun-Tracking      Control 
System  For   Solar   Collector 

4.147.154  Robert     E.     Lewandowski,     c/o     May  field    Stage,     Boise,     ID 
83707;      Solar   Heat   Tracking   And  Collecting  Apparatus 

4.147.155  Frederick    G.     Krafft,     2975    Fox    Hollow    Rd.,     Springfield, 
OH  45502;      Device  For   Collecting   Solar  Energy 

4.147.156  Sunworks,       Inc.;  Solar      Energy      Collector      Having      A 
Convection   Current   Inhibiting  Member 

4.147.157  Ramig    H.     Zakhariya,     2400    McBride    La.,     No.     50,     Santa 
Rosa,     CA       95401;        Self-Supporting    Active    Solar    Energy 
System 

4.147.158  Chang  Chieh-Tsung;      Multi-Layered   Solar   Energy   Collector 

4,147,300  Thomas     W.     O'Rourke;        Method    And    Structure    For    Solar 

Heating 

4,147,414  William    H.     Raser,     6451     W.     83rd    St.,     Los    Angeles,     CA 

90045;      Sunlight   Concentrator  For  Energy  Conversion 

4,147,561  John     R.      Knight,     10     Milton     Rd. ,     Gayton,     Northampton, 

England;      Solar   Energy   Collector 

1.148.293  James    M.    Lents,    2938    Old    Britain    Cir.,    Chattanooga,    TN 
37407,      and     Barry     V.      Rhodes,     Sr.      Rt.l,      Johnson     Rd. , 

Chickamauga,       GA 30707;  Solar      Energy      Receptor 

Apparatus 

4.148.294  Dornier    System  GmbH;      Solar    Collector   Panel   And   Method 
Of   Making 

4.148.295  United   States   of   America,    National    Aeronautics   And  Space 
Adm.;      Horizontally  Mounted   Solar   Collector 

4.148.296  Phillip    Parlato,    64   Primrose    La.,    Kings    Park,    NY      11754; 
Solar  Heating  Apparatus  And  Mounting  Therefor 
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4.148.297  Benjamin  F.  Sherman,  Jr.,  6329  Mori  St.,  McLean,  VA 
22101;      Collector   Of  Direct   Dispersed   And   Reflected   Waves 

4.148.298  Benjamin  F.  Sherman,  Jr.,  6329  Mori  St.,  McLean,  VA 
22101;  Hemispherical  Collector  Of  Direct  Dispersed  And 
Reflected   Waves 

4.148.299  Benjamin  F.  Sherman,  Jr.,  6329  Mori  St.,  McLean,  VA 
22101:  Hemitoroidal  Collector  Of  Direct  Dispersed  And 
Reflected   Waves 

4.148.300  Larry  L.  Kaufman,  Sr. ,  9880  N.  Hawkins  Hwy. ,  Brooklyn, 
MI     49230;      Solar   Radiation   Energy   Concentrator 

4.148.301  C.  Brent  Cluff,  5525  N.  Grande,  Tucson,  AZ  85704: 
Water-Borne   Rotating   Solar   Collecting   &    Storage    Systems 

4,148,564  Commissariat    a    l'Energie    Atomique,     France;    Solar    Sensor 

With     Linear     Concentrator     With     A     Fixed     Receiver     And 
Movable   Mirrors 

4.149.520  Asa     S.      Arent,      700     15th     St.,      North,      Humboldt,      Iowa 
50548;        Passive     Sealed     Flat     Plate     Solar    Heat     Collector 
With    An    Attached    Reflecting    Panel    For    The    Collection, 
Storage,    And   Radiation   Of   Solar   Heat 

4.149.521  James    C.     Fletcher,     Adm.     of    the    National    Aeronautics    & 
Space    Adm.     with    respect     to    an    invention    of    Charles    G. 
Miller,     Pasadena,     &    James    B.     Stephens,     La    Crescenta, 
both  of   CA:      Solar   Energy   Collection   System 

4.149.522  Motorola,  Inc.;  Solar  Heat  Collector  With  Convection 
Suppressor 

4.149.523  Betin  &  Cie,  Plaisir,  France:  Solar  Energy  Collector 
System    With   Cylindro -Parabolic   Mirror 

4.149.524  Honeywell,    Inc.:      Corrosion   Resistant    Solar   Absorber   Panel 

4.149.525  David  A.  Prado,  2002  W.  19th  St.,  Chicago,  ILL  60608: 
Solar   Collector 

4,149,589  Fred    Hopman,     P.O.     Box    171,     Arroyo    Seco,     New    Mexico 

87514:      Self -Insulating   Water   Wall 

4,149,817  James    C.     Fletcher,     Adm.     of    the    National    Aeronautics    & 

Space    Adm.     with    respect     to    an    invention    of    Charles    G. 
Miller,     Pasadena,     &    James     B.     Stephens,     La    Crescenta, 
both      of      CA:  Primary      Reflector      For      Solar      Energy 

Collection   Systems   And   Method   Of   Making   Same 

4,149,856  Willy    Keller,     Hettlingerstrasse    7,     8472    Senzach,     Zurich, 

SW:      Method    And    Apparatus  For   Producing   A   Gaseous  Fuel 
By   Means   Of   Solar   Energy 
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4.149.902  Eastman  Kodak  Company;  Fluorscent  Solar  Energy- 
Concentrator 

4.149.903  Solarex  Corporation:  Hybrid  Solar  Energy  Collecting 
Device 

4,150,552  Gerald      Altman,      41      Westminster      Rd. ,      Newton     Centre, 

MASS      02159:      Infrared   Cooler   For   Restricted   Regions 

4,150,657  Raytheon  Company:      Solar   Collector 

4.150.659  Bruce    S.    Buckley,    410    Memorial    Dr.,    No.    154,    Cambridge, 

MASS 02139:  Apparatus       For       Preventing       High 

Temperatures  In   A   Glazed   Solar   Collector 

4.150.660  Margot  Elizabeth  Peters,  East  Dennis,  &  Albert  F. 
Kronman,  Locust  Valley,  NY:  Easy  Access  Energy 
Conversion   Panels   For   Solar   Heating   Systems 

4.150.661  Marino      S.      Trimboli      Callegari      &     Antonio      A.      Trimboli 
Longetto,    both   of    concah-Espina   63    Atico,    Madrid,    Spain: 
Layout       For       Collecting       Solar       Energy       Applicable       To 
Acclimatizing   All  Types   Of  Buildings 

4.150.662  Verl  R.  Summers,  282  South  200  East,  Hyrum,  Utah 
84319:      Solar   Energy   Structure 

4.150.663  Kenneth  J.    Sisson,    20  Sunken  Meadow  Rd. ,    Northport,    Ny 
11768:      Solar   Energy   Collector   &    Concentrator 

4.150.720  Imperial   Chemical  Industries  Limited:      Heat    Exchanger 

4,150,787  Chris     R.     Braathen,     4645     Belvedere    Dr.,     P.O.     Box    686, 

Julian,     CA       92036:       Method    &    Arrangement    For    Saving 
Energy  In   Preparing   Hot    Water   For   Household 

4,151,408  Brown     Manufacturing     Company:  Sun     Tracking     Control 

System 

4.151.721  Emerson  L.  Kumm,  1035  E.  Laguna  Dr.,  Tempe,  AZ 
85282:  Solar  Powered  Air  Conditioning  System  Employing 
Hydroxide    Water   Solution 

4.151.828  Solar  Power,    Inc.:      Solar   Energy   Collection   Tube 

4.151.829  Suntron  Energy  Systems,    Ltd.:      Solar   Energy   Collector 

4.151.830  Chicago  Solar  Corporation:  Inflated  Flexible  Solar 
Collectors 

4,151,954  J.    Ethan    Jacobs,    120    Church    Rd.,    Winnetka,    ILL      60093: 

Heat      Regulating      System      And      Method      For      A      Building 
Involving   Control   Of  Incident    Solar   Radiation 
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153.037  Boris    Isaceson,    14532    Vanowen    St.,    Van    Nuys,    CA      91405: 
Solar   Collector   Module   &    Solar   Collector   System 

153.038  Bernard     McDonald,     7700    Seville     Ave.,     Huntington    Park, 
CA      90255;      Solar   Energy   Collecting   System 

153.039  John  H.  Carroll,  3021  Grand  Ave.,  Fillmore,  CA  93014: 
Focusing   Solar   Energy   Apparatus 

153.040  Halm  Instrument  Co.,  Inc.:  Protective  Cooling  Systems 
For   Solar  Heat   Collector 

153.041  Thomson-Brandt  &  Compagnie  des  Lampes:  Solar  Energy 
Collector 

153.042  National  Patent   Development   Corporation:      Solar   Collector 

153 ,  043  Reynolds    Metals    Company:      Apparatus  For  Solar   Hot   Water 

System    And   Method   Of   Making   Same 

153 , 047  Robert    F.    Dumbeck,    104    Anderson    Dr.,    Elgin,    TX      78621: 

Heat   Storage   Systems 

153,104  Overland  Energy,    Inc.:      Solar   Heating   And   Cooling   System 

153,955  Henry    Hinterberger,    Rte.    1,    Box    20-S    Batavia,    111    60510: 

Solar   Energy   Converter 

154.219  E-Systems,  Inc.:  Prismatic  Solar  Reflector  Apparatus  And 
Method   Of  Solar   Tracking 

154.220  John  L.  Loth,  P.O.  Box  4094,  Morgantown,  W.  VA  26505: 
Flat -Plate  Solar  Collector  With  Air  Flowing  Through  The 
Grooves  In   A  Form   Absorber   Surface 

154.221  American  Solar:  Tracking  System  For  Solar  Energy 
Collection 

154.222  Ying  Manufacturing  Corporation:  Solar  Collector  For  Gas 
Heating 

154.223  George  O.  G.  Lof,  Parkway  Dr.,  Englewood,  CO  80110: 
Modular   Construction  For   Solar  Heat   Collector 

154.224  Cress  R.  Ferriera,  713  Paloma  Ave.,  Stockton,  CA  95210: 
Solar   Steam   Generator 

154,292  General     Electric    Company:        Heat     Exchange    Method    And 

Device   Therefor   For   Thermal   Energy   Storage 
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4,155,226  Gerald     Altman,      41      Westminster      Rd. ,      Newton     Centre, 

MASS      02159:      Infrared   Cooler   For   Restricted   Regions 

4.155.344  Halm  Instrument   Co.,    Inc.;      Air-Heating  Solar   Collector 

4.155.345  Jean-Pierre      Madern,      Route      de      Perpignan,      Cabestany, 
France  66330;      Solar  Energy  Pick -Up 

4.155.346  Robert  J.  Aresty,  553  Pretty  Brook,  Princeton,  NJ  08540; 
Solar   Energy   Collector 

4.155.347  Contraves  AG;      Solar  Radiation   Collector 

4,155,981  The   U.S.    of   America  as   rep,    by  the  Secretary  of   the  Navy: 

Rectangular      Cell      Honeycomb      Chemical      Converter-Heat 
Exchanger 

4.156.419  Hawthorne  Industries,    Inc.;      Solar   Collector 

4.156.420  Charles  F.  Gunderson,  1622  N.  Marconi  Rd.,  Belmar,  NJ 
07719:      Solar   Heat    Collector 

4,156,455  Theo    Van    der    Meulen,     Petersbergstrasse    4,    5204    Lohmar 

21     Fed.     Rep,     of    Germany:        Method    And    Apparatus    For 
Controlling  A  Heat   Transfer  Installation 

4,157,620  Jonathan    P.     Chakerian,     269     W.     Sycamore,     Reedly,     CA 

93654:      Method  Of  Producing  Bleached,    Dried  Fruit 

4,157,706  Emanuel      P.      Gaskill,      15     Bay     Ave.      Somers     Point,      NY 

08244:      Water  Heater 

4.158.354  The  Energy  Research  Foundation,  Australia:  Solar  Energy 
Collection   System 

4.158.355  Hermann  F.  Spitzer,  8004  Aucade  St.,  Lorton,  VA  22079: 
Solar   Energy  Collectors 

4.158.356  David  V.  Wininger,  P.O.  Box  337  606  Bjornsen,  Big 
Rapids,    MI     49307:      Self-Powered  Tracking   Solar  Collector 

4.158.357  Joseph  Albegro,  377  Ellamar  Rd.,  West  Palm  Beach,  FL 
33405:     Inner  Roof  Solar   System 

4.158.358  Harry  E.  Thomason,  &  Harry  J.  L.  Thomason,  both  of  609 
Cedar  Ave.,  Washington,  D.C.  20022:  Heat  &  Cold 
Storage   Apparatus 

4,159,017  Sam   Novi,     1686    Great    Hwy.,     San    Francisco,     CA      94116: 

Solar  Panel  System 
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4.159.706  U.S.  Philips  Corporation:  Solar  Collector  Comprising  An 
Evacuated   Absorber   Cover   Tube 

4.159.707  Agence  Nationale  de  Valorisation  de  la  Recherche,  Neuily, 
France:  Solar  Energy  Collector  And  Installation  Employing 
Same 

4.159.708  Near  Star  Solar,  Inc.:  Solar  Energy  Collector  And  Heat 
Exchanger 

4.159.709  FIAT  Societa  per  Azioni  Turin,  Italy:  Low  Cost  Solar 
Panel 

4.159.710  U.S.  Philips  Corporation:  Solar  Collector  Comprising  Solar 
Tracking  Means 

4.159.711  George  P.  Johnson,  1951  Hollywood  Pkwy.,  York,  PA 
17403:      Solar   Heating  Apparatus 

4.159.712  Howard  W.  Legg,  2229  N.  Park,  Grand  Island,  NB  68801: 
Solar   Energy   Conversion  Unit 

4.160.443  Donald  Shanfelt:  Dannie  K.  Brindle,  Dennis  D.  Riser, 
David  W.  Armagast,  &  Patrick  F.  Lynch,  Pt.  interest  to 
each:     Inflatable  Solar  Heat    Collector 

4.160.444  Ralph  A.  Hamilton,  1836  Lake  St.,  Glendale,  CA  91201: 
Omnidirectional   Heat   Pipe 

4,160,523  Graham     A.      Stevens,      55      Colebrook     Row,      London,      NI 

England:      Air   Structure 

4,161,169  Solar     Energy    Systems,     Inc.:        Focussing    Flat    Plate    Solar 

Collector   Device 

4,161,180  Howard    L.     Tiger,     Eagle     Ridge     Way,     West     Orange,     NJ 

07052:      Suntrap   Solar  Radiation   Collector 

4,161,212  Martin     Marietta     Corporation:         Pneumatically     Controlled 

Wide   Heat   Load   Space   Radiator 

4,161,809  Honeywell,    Inc.:       Method    of   Fabricating    A   Solar   Absorber 

Panel 

4,161,942  Robert    F.    Monk,    4640    Country    Creek,    Apt.    1255,    Dallas, 

TX     75236:        Solar   Energy   Collector 

4,162,671  Donald     Christy,      1005     Washington,      Scott     City,      Kansas 

67871:      Solar   Energy  Panel  And  Medium   For  Use  Therein 
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4,162,684  Charles    C.    Loveless,    Jr.,    1508    W.    8th    St.,    Roswell,    NM; 

Solar  Ice    Melter   For   Use   At   Low    Ambient   Temperature 

162,825  Ford    Aerospace    &    Communications     Corporation;        Method 

For     Adjusting     The     Radius    Of    Curvature     Of    A     Spherical 
Mirror 

163,369  Charles    Owen,     2120    Cannon    Way,     Marietta,     Ga    30064: 

Air-to-Air   Heat   Pump 

163,445  Colin    N.    Stanger,    Niavaran,    3    Grenville,    Close,    Cobham, 

Surrey,    England:     Roofing  Panels 

164,123  Otto    J.M.    Smith,    612    Euclid    Ave.,    Berkeley,    CA      94708: 

Solar  Thermal  Electric  Power   Plant 

164,125  Midland-Ross        Corporation:  Solar       Energy       Assisted 

Air-Conditioning   Apparatus   And   Method 


164.932  Grumman  Corporation:      Solar   Heat    Collector   Construction 

164.933  Anthony  C.    Alosi,    5050  Tamarus,    Apt.    159,    Las  Vegas,    NV 
89109:      Concrete   Solar   Collectors 

164,935  Solar     Apparatus     &     Equipment     Limited:         Solar     Heating 

Panels 

165.036  Milton    Meckler,    16348    Tupper    St.,    Sepulveda,    CA      91343: 
Multi   Source   Heat   Pump   Air   Conditioning   System 

165.037  Donald   M.    McCarson,    Rte.    1,    Box   143,    Pisgah   Forest,    NC 
28768:        Apparatus    And    Method    For    Combined    Solar    And 
Heat   Pump  Heating   And  Cooling   System 

165.732  Pechiney   Ugine    Kuhlmann,    France:      Process   And   Apparatus 
For  Obtaining  Hot   Water   By  Use   Of  Solar  Energy 

165.733  Olin   Corporation:      Solar   Energy   Collector   System 

165.734  Gunter    A.    Schmidt,    Hohenzollernstrasse    114,    8000    Munchen 
13   Fed.   Rep,   of  Germany:      Solar   Motor 

165.735  Harold    T.     Smith,     5623     Fillmore,     St.,     Hollywood,     FL 
33021:      Solar   Energy   Collector  &   Storage  Device 

165,952  Motorola,    Inc.:      Heat   Energized  Vapor  Absorbent   Pump 

166,445  Thomas     F.     McGraw,     7538     Axton    St.,     Springfield,     VA 

22151:      Low   Cost   Solar   Collector 
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4,166,446  BBC   Brown   Boveri  &    Co.,    Ltd.:    Solar   Collector 

4,166,449  Walter    L.    Depew,    3111    W.    54th    Ave.,    Denver,    Co      80221: 

Heat    Storage   Vault 

4?166,769  Joseph   Dukess,    931,    Greacen   Point    Rd. ,    Mamaroneck,    NY 

10543:      Solar   Heat   Apparatus 

4,166,917  Corning   Glass   Works:      Concentrating   Solar   Receiver 

4,167,178  Solar    Energy    Systems,    Inc.:       Stationary   Type    Solar    Energy 

Collector   Apparatus 

4.167.934  Portio    Corporation:       Method    And    Apparatus    For    Inhibiting 
Absorption   Of   Solar   Energy 

4.167.935  Honeywell,    Inc.:       Phenolic    Laminate    Solar    Absorber    Panel 
And   Method   Of   Making 

4.167.936  Albert    J.     Hackworth,     1912    A   Pacific    Ave.,    Venice,    CA 
90291:      Static   Solar   Tracker   And   Energy   Converter 

4.167.937  Lars    A.     Bergkvist,     Gottne,     890    42    Mellansel,     Sweden: 
Device   At   Heating   A   Liquid   By   Solar   Energy 

4,167,965  Carrier    Corporation:      Integral   Water-Refrigerant-    Air   Heat 

Exchange    System 

4,168,696  Donald    A.     Kelly,     58-06    69th    PI.,    Maspeth,    NY      11378: 

Four         Quadrant,         Two         Dimensional,         Linear         Solar 
Concentration   Panels 

4.169.459  Brent     H.     Ehrlich,     R.R.     1,     Box     269,     Murphysboro,     ILL 
62966:      Solar   Converter 

4.169.460  John    M.     Popovich,     1717    W.     Alameda    St.,     Burbank,  CA 
91506;       Thomas       R.       Thornbury,       1942       Crestshire  Dr., 
Glendale,      CA         91208:          Solar      Converter     System  With 
Thermal   Overload   Protection 

4.169.461  Henry  W.    Haug,    7470  Boris   St.,    Rohnert   Park,    CA     94928; 
Gary     M.     Shon,     5525     Hutchinson     Rd. ,     Sebastopal,     CA 
95472    &    Albert    P.    Lenhardt,    762    Pordon   La.,    Healdsburg, 
CA      95448:       Storage    Tank    Especially    Suitable    For    Use    In 
A   Solar  Heat   System 

4,169,499  Honeywell,    Inc.:      Solar   Heat    Energy   Heat    Utilization 

4,169, 554  Eldon    D.     Camp,     R.R.     2    Bloomington,     ILL    61701:       Solar 

Energy   System    With   Heat    Pump   Assistance 
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4,169,712  James    R.    Boyce,    Rte.    3,    Box    201,    Orlando,    FL      32811    & 

Erich    A.    Farber,    1218    NE   5th    St.,    Gainesvlle,    FL      32601; 
Solar   Energy   Collection   And   Utilization   System 

4,169,791  Waste     Mgt.,     Inc.:         Apparatus     And     Process     For     Volume 

Reduction   Of   Aqueous   Waste   Through   Solar   Evaporation 

4.170.220  Henry  C.  Smith,  P.O.  Box  307  Johns  Island,  SC  29455: 
Solar   Heat    Collector 

4.170.221  Grumman   Corporation:      Solar   Heat    Collector   Construction 

4.170.222  Ray  D.  Barker,  5228  Lone  Tree  Dr.,  Loveland,  CO 
80537:      Solar   Heat    Collector 

4.170.223  Andries  C.  Weideman,  14  Leipoldt  St.,  Parow  North,  South 
Africa:    Solar   Heat    Energy   Collector 

4,170,261  Nikolaus     Laing,     Ingeborg    Laing,     &    Oliver     Laing,     all     of 

Hofener     Weg.     35-37,     D7148     Remseck     2     near     Stuttgart, 
Fed.   Rep,   of   Germany:      Heat    Storage   Device 

4,170,507  Motorola,     Inc.:        Method    For    Encapsulating    A    Solar    Cell 

Array 

4.170.982  Joseph  C.  Soncarato,  Shelton,  Conn.:  Solar  Energy 
Storage   And   Distributing   Device 

4.170.983  Charlton  Sadler,  P.O.  Box  446,  Brookville,  FL  33512: 
Solar   Heater 

4.170.984  Atlantic  Research  Corporation:  Solar  Energy  Heat 
Collector 

4.170.985  Agence  Nationale  de  Valorisation  de  la  Recherche 
(ANVAR):      Solar   Energy   Collector 

4,171,003  Commissariat      a     l'Energie     Atomique:         Solar     Energy     To 

Electrical   Energy   Converter 

4.171.619  Silas     W.      Clark,     P.O.     Box     43,      Golden,      CO        80401: 
Compressor   Assisted   Absorption   Refrigeration   System 

4.171.620  Nelson  C.  Turner,  P.O.  Box  36100,  Houston,  TX  77036: 
Cooling   Method   And   System 

4.171.694  University  of  Kentucky:      Triangular   Duct   Solar   Panel 

4.171.695  Solar  Energy  Technology,  Inc.:  Image  Collapsing 
Concentrator  And  Method  For  Collecting  And  Utilizing 
Solar   Energy 
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4,171,876  Douglas      E.      Wood,      Box     32,      Fox     Island,      WA         98333: 

Apparatus        For        Supporting        Large-Dimension        Curved 
Reflectors 

4,171,993  Borg-Warner    Corporation:      Coated   Metal   Nodule    Solar   Heat 

Collector 

4,172,311  American        Solar        Heat        Corporation:  Process        For 

Manufacturing   Solar    Collector   Panels 

4.172.441  Sunburst  Solar  Energy:  Solar  Heat  Collector  Panel  And 
Method   Of  Forming   Same 

4.172.442  Bio  Gas  Systems,  Inc.:  Solar  Energy  Collector  System  & 
Method 

4.172.443  Warren  T.  Sommer,  2608  N.  Humboldt  Blvd.,  Milwaukee, 
WI  53212:  Central  Receiver  Solar  Collector  Using  Analog 
Coupling   Mirror    Control 

4,172,740  William      P.       Campbell,       m,       3310      Rowland      PI,       NW, 

Washington,    D.C.      20008:      Solar   Energy   System 
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SOLAR   DISTILLATION   AND   EVAPORATION   CONCENTRATION 


This  profile  includes  apparatus  and 
processes  for  effecting  distillations  and 
evaporation  concentrations.  The  distil- 
lations are  separation  processes  for 
obtaining  a  desired  liquid  (such  as 
potable  water)  from  a  mixture  or  solu- 
tion. The  evaporation  concentration 
process  generally  involves  evaporating  a 
liquid  from  a  mixture  or  solution  to 
obtain  a  concentrated  residual  material 
such   as   a  salt   or   brine. 


PATENT   ACTIVITY 


BY  PATENT  GRANT  DATE 
1969-1978 


INCLUDED  IN   THIS   PROFILE   ARE  ALL  OF 
THE   PATENTS   FROM: 

Class    23 ,      Subclass   Z95S 

Class    159,    Subclasses   1S,1SF 

Class   203,    Dig    1 

AND    SELECTED   PATENTS   FROM: 
Class   60,      Subclass   641 
Class   202,    Subclass   234 

ACTIVITY   INDICES    (1976-1978) 


GROWTH 
FOREIGN  SHARE 
CORPORATE  OWNED 
GOVERNMENT  OWNED 
U.S.  OWNED  OF  FOREIGN 


45.0% 

14.8% 

48.2% 

0.0% 

0.0% 

Patents       20  -i 


TOTAL 

A A A 

U.S.   ORIGIN 


72  73  74  75  76  77  78 


BY  APPLICATION  FILING  DATE 
1967-1976 


TOTAL 

A A A 

U.S.  ORIGIN 
FOREIGN  ORIGIN 


Patents   20  -i 
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SOLAR  DISTILLATION  AND  EVARPORATION  CONCENTRATION 


ASSIGNEES  WITH  1  OR  MORE  PATENTS  (1/6  9  -  12/78) 


UOP  INC.  8 

GREAT  SALT  LAKE  MINERALS  AND  CHEMICALS  CORP.  6 

DOW  CORNING  CORPORATION  2 

CORNELL-DUBILIER  ELECTRIC  CORP.  1 

BATTELLE  MEMORIAL  INSTITUTE  1 

ESB  INCORPORATED  1 

DAMES  AND  MOORE  1 

INSTITUTO  NACIONAL  DE  INDUSTRIA  1 

OCCIDENTAL  PETROLEUM  CORPORATION  1 

PITTSBURGH  CORNING  CORPORATION  1 

SPECTRA  INTERNATIONAL,  INC.  1 

RIKAGAKU,  KENKYUSHO  1 
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SOLAR   DISTILLATION   AND   EVAPORATION   CONCENTRATION 
PATENTING   UPDATE    (1/79-10/79) 
Patent   No.  Assignee   &   Title 


4,134,393  Virgil    Stark,     936    5th    Ave.,     New    York,     NY    10021;       Solar 

Energy   Collection 

4,135,985  FIAT    Societe    per    Azioni;       Desalination    of    Salt    Water    Ey 

Solar   Energy   Means 

4,137,901  Henry   B.    Maier,    6    Sealy    Ave.,    Hempstead,    L.I.    NY  11550: 

Solar    Energy    Collecting    And   Trapping    Apparatus   For    Home 
Heating   Or   Cooling 

4,138,293  Kurt     F.     Ziehm ,     Jr.,     P.O.     Box     13,     Land    O'Lakes,     WI 

54540:      Desalination   Apparatus 

4,141,798  A.    &   T.   Development   Corporation:      Solar    Still 

4,151,046  Joseph    Eidelberg,     8    Clafford    Lane,     Melville,     NY      11746: 

Double    Effect    Floating    Solar    Still    Comprising    A   Submerged 
Condensing   System 

4,151,830  Chicago       Solar       Corporation:  Inflated       Flexible       Solar 

Collectors 

4,154,657  Nancy    L.     Dennen,     15    Ponderosa    PI.,     Hewitt,     NJ       07421: 

Dual    Dome    Structure    For    Obtaining    Heating   Through    Solar 
Energy 

4,159,228  Avant,    Ltd.:      Apparatus  For   Solar   Distillation 

4,166,769  Joseph    Dukess,     931    Greacen    Point    Rd. ,     Mamaroneck,    NY 

10543:      Solar   Heat    Apparatus 

4,169,791  Waste     Mgt.,     Inc.:         Apparatus     And     Process     For     Volume 

Reduction   of   Aqueous   Waste   Through   Solar   Evaporation 

4.172.766  Nikolaus     Laing,     Ingelborg     Laing     &    Oliver     Laing,     all     of 
Hofener    Weg.    35-37    7141    Aldingen,    Fed.    P.ep.    of    Germany: 
Solar   Energy   Collectors   And   Plants   Operated   By  Them 

4.172.767  Walter    E.    Sear,    235    W.    46th    St.,    NY,    NY      10036:      Water 
Purification   System 
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DIRECT   CONVERSION    OF   SOLAR   ENERGY   TO   ELECTRICAL   ENERGY 


This  profile  includes  devices  which 
convert  solar  radiant  energy  directly  into 
electrical  energy  using  photoelectric  and 
thermoelectric  principles.  Included  is 
material  related  to  the  construction  of 
individual  electrical  and  generating  units 
(solar  cells),  as  well  as  to  large  scale 
arrays   of   such   units    (solar   panels). 

ACTIVITY  INDICES    (1976-1978) 

GROWTH  53.4% 

FOREIGN    SHARE  8.6% 

CORPORATE   OWNED  70.7% 

GOVERNMENT   OWNED  11.7% 

U.S.    OWNED   OF   FOREIGN  26.3% 


INCLUDED  IN   THIS   PROFILE   ARE  ALL  OF 
THE   PATENTS   FROM: 

Class    136,    Subclass    206 
Class   429,    Subclass    111 

AND  SELECTED  PATENTS  FROM: 

Class  29,      Subclass    572 

Class  136,    Subclass   89 

Class  244,    Subclasses    168,    173 

Class  250,    Subclasses   211J,    212,215 

Class  310,    Subclasses  306,    307, 

Class  320,     Subclasses    2,3,5,6,9,14,15, 

23,30,35,39,40,    DIG   1 

Class  322,    Subclasses   2R,    2A 

Class  57,      Subclasses   2,29,30,59 


PATENT   ACTIVITY 

BY  PATENT  GRRNT  DRTE 
1969-1978 


Patents  120  -i 


TOTAL 

A A A 

U.S.  ORIGIN 


BY  RPPLICRTION  FILING  DRTE 
1967-1976 


TOTAL 

A- A- A 

U.S.  ORIGIN 
FOREIGN  ORIGIN 


A-. 


Patent*  120  -i 


90  - 


60- 


30- 


1967    68    69    70    71    72    73    74    75    76 
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DIRECT  CONVERSION  OF  SOLAR  ENERGY  TO  ELECTRICAL  ENERGY 


ASSIGNEES  WITH  2  OR  MORE  PATENTS   (1/6  9  -  12/78) 


UNITED  STATES  OF  AMERICA,  NATIONAL  AERONAUTICS 

AND  SPACE  ADM  4  3 

TRW  INC.  17 

COMMUNICATIONS  SATELLITE  CORP.  15 

HUGHES  AIRCRAFT  COMPANY  14 

WESTINGHOUSE  ELECTRIC  CORP.  13 

UNITED  STATES  OF  AMERICA,  NAVY  11 

RCA  CORPORATION  11 

OPTEL  CORPORATION  10 

U.S.  PHILIPS  CORPORATION  9 

LICENTIA  PATENT-VERWALTUNGS-GMBH  9 

BELL  TELEPHONE  LABORATORIES  INCORPORATED  9 

MOBIL  TYCO  SOLAR  ENERGY  CORP.  8 

UNITED  STATES  OF  AMERICA,  AIR  FORCE  7 

TEXAS  INSTRUMENTS,  INCORPORATED  7 

SOLAREX  CORPORATION  6 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  6 

UNITED  STATES  OF  AMERICA,  DEPARTMENT  OF  ENERGY  6 

UNITED  STATES  OF  AMERICA,  ARMY  5 

SOCIETE  ANONYME  DE  TELECOMMUNICATIONS  5 

AMERICAN  CYANAMID  COMPANY  4 

INTERNATIONAL  BUSINESS  MACHINES  CORPORATION  4 

GLOBE-UNION  INC.  4 

MOTOROLA  INC.  4 

VARIAN  ASSOCIATES,  INC.  4 

MESSERSCHMITT-BOLKOW-BLOHM  GMBH  3 

TEXTRON  INC.  3 

MATSUSHITA  ELECTRIC  INDUSTRIAL  CO.,  LTD.  3 

KEWANNE  INDUSTRIES,  INC.  3 

GTE  LABORATORIES  INCORPORATED  3 

SENSOR  TECHNOLOGY,  INC.  3 

ALLIED  CHEMICAL  CORPORATION  3 

BOEING  COMPANY  3 

ATLANTIC  RICHFIELD  COMPANY  3 

EXXON  RESEARCH  +  ENGINEERING  CO.  3 
AERONUTRONIC  FORD  CORPORATION  (FORMERLY 

PHILCO-FORD  CORP.)  2 

INTERNATIONAL  RECTIFIER  CORPORATION  2 

MONSANTO  COMPANY  2 

BOLKOW  GESELLSCHAFT  MIT  BESCHRANKTER  HAFTUNG  2 

PHOTON  POWER,  INC.  2 

D.H.  BALDWIN  COMPANY  2 

RAYTHEON  COMPANY  2 

GENERAL  DYNAMICS  CORPORATION  2 

ROCKWELL  INTERNATIONAL  CORPORATION  2 

INNOTECH  CORPORATION  2 

SHARP  KABUSHIKI  KAISHA  2 

CENTRE  NATIONAL  D  ETUDES  SPATIALES  2 

SOTEC  CORPORATION  2 

GENERAL  ELECTRIC  COMPANY  2 

TELEFUNKEN  PATENTVERWERTUNGSGESELLSCHAFT  MBH  2 

EASTMAN  KODAK  COMPANY  2 


LLl 

cj 

< 
a 


89 


E 
< 

oo 
o 


I 

o 

Cj 

o 

O 

2 

a 

i— i 

a  x- 

2 

*J 

t— < 

Ll 

"\ 

< 

o 

o 

K 

z 

UJ 

00 

00 

a 

a 

D 
O 

^ 

UJ 

E 

LU 

3 

a 

I 

CM 

< 

D 

o 

h- 

^\ 

00 

a 

ll 

LU 

Q 
CJ 

UJ 

_j 

CJ 

00 

I 

< 

00 

z 

2 

Q 

E 

K 

CJ 

o 

l-H 

< 

2 

O 

t-i 

z 

^. 

UJ 

< 

or 

C5 

a 

z 

< 

_i 

2 

ij-j 

LL. 

Z 
i — i 

CJ 

o 
a 

s 

LU 

(3 

1— 

D 

X 

LU 

s 

Q 

o 

2 

<1 

UJ 

00 

LU 

< 

_J 

a 

D 

l/) 

O 

> 

i— I 

_J 

2 

> 

LU 

a 

E 

Lu 

CJ 

U- 

a 

1- 

a 

<J 

a 

LU 

2 

i-M 

V- 

z 

UJ 

UJ 

o 

a 

2 

2 

o 

< 

a 

< 

\- 

u_ 

o 

>— i 

Q 

>- 

Q 

X 

UJ 

t— i 

< 

h- 

LU 

a 

< 

O 

h- 

> 

O 

<r 

O 

a 

z 

f- 

_i 

< 

00 

Q 

K 

LU 

i 

X 

_J 

a 

UJ 

i/) 

cj 

2 

E 

00 

00 

LLl 

LL 

Q 
O 

Z 
D 

1-1 

h- 
LU 

a 

CJ 

2 
O 

_J 

_i 

cj 

NH 

D 

E 

n 

CO 

I 

h- 1 

i— i 

2 

o 

UJ 

t-H 

< 

2 

•-^ 

LU 

oo 

z 

K 

h- 

i 

(- 

_: 

1- 

u 

< 

I 

> 

D 
LU 

E 
□ 

h- 
00 

O 

h- 

LU 

E 

< 

M 

Q 

Z 

CJ 

z 

LU 

u 

z 

a 

a 

< 

2 

Z 

2 

< 

>- 

t— » 

Z 

D 

CJ 

<3 

a 

Q 

z 

K- 

_i 

I 

*-*■ 

t— i 

D 

O 

O 

00 

1— 

Z 

Ci 

< 

z 

z 

ll; 

z> 

o 

< 

< 

t— i 

K-4 

00 

00 

O 

Z 

a 

a 

t-H 

a 

o 

a 

UJ 

_J 

a 

(— 

h- 

h 

_J 

O 

co 

< 

E 

< 

LU 

> 

o 

CJ 

LU 

a 

_) 

i 

UJ 

a 

Z 

< 

< 

<a 

2 

z 

_J 

a 

00 

C) 

h- 

t-H 

H 

CO 

UJ 

i 

2 
< 

o 
u 

o 
(J 

ct 

f— 1 
D 

Q 

i — i 
a. 

1- 

CD 

a 

LU 

D 

H 
CJ 

< 

z 

u. 

_J 
a 

CJ 

z 

LU 

Z 

1— 

CJ 

00 

_J 

O 

a 

< 

< 

< 

LU 

U 

a 

o 

O 

< 

o 

Lu 

E 

D 

00 

00 

z 

_l 

1- 

oo 

cj 

a 

a 
O 

> 

2 

LY 

LY 

(- 

ID 
Ci 

o 

00 

i— 

z 

o 

1- 

z 

00 

Cj 

LLl 

Z 

o 

E 

Cj 

D 

2 

00 

Lu 

u 

> 

r- 

►—i 

o 

K 

< 

LY 

cr 

E 

2 

CO 

c 

D 

CO 

00 

CJ 

_J 

2 

O 

LL  1 

o 

cj 

\ 

< 

ll 

O 

^ 

< 

< 

O 

< 

< 

O 

z 

t- 

UJ 

^H 

HH 

l-H 

CJ 

o 

h 

a 

CM 

\- 

i 

_j 

_i 

_l 

_J 

O 

00 

HH 

T 

CJ 

5 

1— 

00 

^H 

h-i 

o 

UJ 

1- 

_j 

o 

Q 

_i 

LU 

O 

O 

LU 

K 

E 

C5 

Cj 

t- 

O 

l-H 

LU 

00 

z 

E 

> 

I 

2 

o 

u 

2 

_j 

a 

I/O 

00 

o 

>- 

< 

_J 

z 

UJ 

a 

>— < 

> 

00 

D 

z 

UJ 

UJ 

a 

UJ 

i 

> 

o 

_1 

O 
CJ 

LU 

u 

LU 

X 

>- 

> 

LU 

_J 
_J 

LU 
I 

u. 

1— 1 

> 

2 

Lu' 
> 

_J 

LU 

Q 

> 

CJ 

z 

LU 

_l 
_J 

00 

Q 

z 

a 

00 

(- 

I 

t— i 

o 

03 

LU 

t- 

< 

< 

.— < 

z 

CJ 

t 

a 

1- 

a 

LU 

D 

UJ 

a 

< 

<x> 

o 

Q. 

E 

a 

LU 

>- 

u 

a 

LU 

> 

I 

a 

o 

z 

a 

_i 

CJ 

E 

z 

z 

CJ 

HH 

D 

i— i 

_j 

\ 

I 

LU 

< 

LY 

a 

ct 

_l 

►— < 

< 

H 

<t 

a 

CJ 

h-H 

D 

_i 

C) 

i— t 

Z 

i— i 

o 

h- 

O 

z 

^H 

i— 

o 

T- 

a 

^ 

00 

_j 

UJ 

LU 

o 

a 

_i 

< 

a 

I 

D 

h- 

LU 

LLl 

<: 

2 

f- 

O 

h- 

o 

I 

o 

(/i 

- — - 

_l 

O 

< 

1- 

1— 

a 

h- 

o 

Z 

a 

o 

D 

a 

z 

CJ 

CJ 

1— 

1— 

»— i 

u_ 

ci 

O 

l-H 

a 

z 

o 

LU 

LY 

O 

00 

_J 

< 

< 

i- 

CJ) 

00 

2 

< 

(- 

LU 

o 

_J 

UJ 

< 

_l 

E 

C) 

00 

Lu 

I 

_J 

00 

z 

u_ 

2 

a 

UJ 

l-H 

3 

S 

c_> 

LU 

< 

t-H 

> 

Lu 

o 

_J 

CJ 

a 

D 

Z 

h- 

z 

a 

o 

-J 

O 

►— i 

> 

S 

2 

a 

LU 

LU 

_l 

LY 

1- 

_i 

3 

o 

2 

_J 

>— t 

o 

> 

_J 

00 

CJ 

2 

< 

X 

1— 

k 

LY 

< 

o 

D 

u. 

u. 

00 

_J 

LU 

o 

00 

_i 

00 

a 

00 

i — i 

O 

< 

a 

O 

<1 

_l 

< 

< 

Cx 

a 

a 

2 

2 

O 

cj 

(- 

O 

o 

LU 

LU 

U- 

LU 

a 

z 

CJ 

h- 

a 

h- 

_1 

1— 

E 

C3 

CJ 

o 

O 

UJ 

a 

u. 

Ct 

u 

2 

O 

tr 

E 

U 

<I 

E 

i- 

> 

z 

_J 

o 

o 

C3 

LU 

z 

h- 

z 

E 

*- 

»— i 

h- 

o 

■ — - 

o 

z 

O 

oo 

00 

o 

>- 

2 

3 

Z 

t-H 

< 

< 

D 

o 

O 

CJ 

1. 

Z 

CJ 

o 

_J 

CJ 

l-H 

z 

CJ 

oo 

< 

1- 

O 

l-H 

►—I 

t— 1 

t— 1 

f- 

i — i 

O 

f-H 

a 

CO 

a 

Q 

< 

HH 

> 

z 

a 

»—■ . 

CJ 

_J 

z 

h- 

»— 1 

z 

a 

a 

< 

2 

I 

2 

1- 

I/O 

to 

Q 

»-H 

h- 

Q 

5 

< 

z 

I 

< 

a 

_l 

a 

1- 

o 

l-H 

2 

a 

LU 

D 

<I 

Q 

Q 

LU 

a 

O 

i- 

O 

< 

>- 

>- 

> 

»- 

2 

Q 

_] 

M 

t- 

a 

< 

C 

o 

< 

H- 

z 

l-H 

< 

00 

CJ 

Z 

a 

z 

z 

> 

o 

2 

1— 

i— i 

l-H 

u 

00 

> 

2 

_J 

_J 

_i 

HH 

»-H 

— H 

< 

o 

\: 

t— 1 

a 

00 

1— 

a 

o 

00 

o 

< 

_i 

< 

o 

LU 

l-H 

D 

2 

UJ 

O 

2 

1— 

3 

hH 

l-H 

LY 

O 

O 

o 

< 

h- 

E 

3 

O 

o 

00 

< 

3 

< 

> 

CJ 

u 

o 

I 

LU 

l-H 

1— 

o 

CJ 

CJ 

u 

\ 

CJ 

O 

2 

(— i 

UJ 

< 

s 

LY 

LU 

t— i 

LY 

LY 

u 

> 

O 

00 

o 

E 

2 

l-H 

1- 

LU 

a 

a 

UH 

1— 

2 

00 

00 

l-H 

■-H 

O 

UJ 

i-j 

CJ 

O 

1- 

CJ 

a 

_J 

UJ 

o 

(- 

1- 

v- 

K 

t— 1 

2 

Z3 

z 

LU 

LL. 

O 

_J 

D 

< 

< 

z 

_J 

a 

a 

u 

O 

a 

< 

E 

Q 

E 

»— i 

< 

2 

o 

_1 

00 

_l 

1— 

< 

U 

CJ 

5 

< 

Q 

< 

00 

O 

00 

LU 

U- 

_J 

Z 

a 

(- 

LU 

_J 

o 

LU 

o 

z 

U 

CO 

LU 

h- 

LU 

U- 

l-H 

LU 

K 

oo 

a 

O 

a 

LU 

< 

< 

LY 

LU 

LU 

LU 

a 

2 

a 

Z1 

Z) 

1— 

O 

LU 

< 

E 

_J 

U 

O 

u 

00 

K 

z 

z 

>- 

_l 

00 

O 

X 

00 

CJ 

oo 

O 

a 

a 

U 

cj 

> 

LU 

o 

_J 

_J 

I 

S 

O 

i- 

o 

d 

(- 

< 

CJ 

O 

o 

00 

u 

2 

<r 

z 

00 

1 — 1 

<! 

O 

1 

o 

1 

UJ 

< 

a 

o 

►-H 

a 

LU 

LU 

u 

o 

o 

i 

I 

2 

< 

a 

D 

o 

D 

o 

> 

LU 

h- 

uo 

a 

o 

LU 

_J 

_J 

> 

D 

D 

D 

a 

a 

K 

o 

LY 

2 

LU 

LY 

LY 

o 

o 

o 

o 

K 

z 

►— i 

a 

o 

O 

a 

z 

O 

o 

2 

h- 

2 

I 

o 

a 

CJ 

< 

o 

l-H 

O 

_J 

l-H 

»— i 

o 

I 

< 

< 

D 

< 

o 

(- 

t- 

t- 

I 

I 

LU 

l- 

< 

LU 

I 

< 

t—i 

I 

D 

h- 

>-H 

I 

LU 

UJ 

DO 

LU 

>-H 

LU 

00 

h- 

Z 

X 

< 

z 

D 

o 

cj 

o 

_J 

CJ 

_J 

u 

o 

O 

o 

D 

o 

O 

LU 

< 

a 

1— 

1- 

_i 

1- 

_j 

O 

5 

CJ 

E 

00 

< 

H 

> 

z 

<a 

O 

O 

h- 

h- 

o 

►—i 

a 

O 

a 

UJ 

o 

I 

I 

I 

t— < 

►-H 

t—t 

a 

O 

a 

2 

Q 

UJ 

o 

LU 

LU 

LU 

I 

Z 

l-H 

a 

D 

_j 

LU 

UJ 

z 

< 

I 

l-H 

LU 

LU 

>—< 

i 

_i 

_i 

o 

1/1 

o 

_J 

00 

_I 

Cl 

a 

a 

2 

I 

_J 

CJ 

o 

< 

K- ( 

LU 

E 

o 

00 

_l 

E 

t— t 

a 

_J 

_J 

o 

CJ 

I 

Q 

<. 

C5 

a 

_l 

E 

2 

_J 

< 

Lu 

< 

< 

< 

V- 

z 

K 

u. 

_j 

LU 

> 

a 

2 

u 

2 

LU 

< 

►— 1 

t- 

I 

LU 

2 

CJ 

UJ 

i 

u 

i 

i 

O 

1 

l-H 

i 

i 

i 

< 

1 

1 

i 

1 

a 

1 

a 

i 

i 

f-H 

i 

u 

i 

1 

1 

> 

i 

O 

1 

1 

1 

i 

i 

1 

t 

I 

1 

a 

2 

t— 1 

*—t 

e 

>~ 

HH 

o 

_J 

►-H 

LU 

I 

UJ 

UJ 

z 

h- 

LU 

U 

U- 

a 

a 

a 

D 

a 

2 

CJ 

o 

o 

CO 

un 

< 

"3- 

X 

CO 

CO 

■*- 

o 

ro 

en 

CM 

CO 

a 

Is- 

< 

T- 

r- 

00 

LT) 

LO 

r- 

LU 

O  ID 

CM 

If) 

CM 

T 

00 

ro 

00 

UJ 

i 

o 

a 

^r 

^- 

2 

00 

cj 

^r 

00 

ID 

2 

og 

ID 

CM 

r- 

2 

00 

o 

00 

-i 

r- 

Q 

"3- 

u 

1- 

CM 

T 

LU 

t 

_1 

i- 

CD 

r- 

O 

O 

n 

-XT 

CO 

'd- 

1- 

(M 

H 

CD 

en 

ID 

*- 

01 

r- 

< 

cm 

oo 

O 

co 

< 

03 

u 

CM 

o 

'a- 

CD 

M 

r~ 

T 

^r 

_) 

CO 

LU 

LO 

CM 

■»- 

CO 

CD 

O 

LO 

CM 

sr 

a 

UJ 

r- 

r> 

f 

O 

UJ 

CD 

D 

V 

o 

■"3- 

a 

oo 

*- 

f- 

00 

a 

CO 

2 

00 

00 

LD 

a 

T- 

1- 

CD 

t^ 

O 

_1 

T- 

h- 

ro 

CM 

00 

<J 

CM 

T 

00 

■»- 

r- 

< 

.0 

CM 

2 

•sr 

O 

U 

T 

LU 

*- 

CT> 

oo 

t— i 

O 

i- 

LP 

rr 

►— i 

i- 

f-H 

00 

O 

z 

00 

2 

r- 

CM 

CO 

LU 

O 

h- 

ro 

00 

c~ 

03 

03 

T- 

CM 

CM 

-J 

o 

t 

o 

00 

oo 

2 

o 

t— I 

O 

o 

o 

a 

r- 

CD 

o> 

O 

a 

r- 

00 

O 

T- 

I 

r- 

< 

■r- 

i" 

T- 

1— 

i- 

_l 

tn 

en 

01 

o 

O 

O 

■*" 

-r~ 

i- 

O 

ly 

ro 

LY 

ro 

co 

LU 

■3- 

_l 

rt 

rt 

•^t 

LU 

ro 

ro 

00 

^f 

LU 

co 

a 

CO 

CJ 

■>? 

K 

co 

_J 

^t 

*? 

■rr 

1- 

1 

_J 

CO 

ro 

ro 

T 

*f 

^ 

t 

T 

'd- 

oo 

UJ 

< 

UJ 

< 

(J 
< 

_J 
< 

2 
< 

e; 
< 

E 
< 

a 
< 

a 

< 

1- 
< 

< 

m 

LU 

00 

90 


> 

«a 
a. 
u 
< 

cr. 

< 
3 
o 

CO 


2 

a 

a 
o 

t— i 

< 

t- 

I 

_i 

u 

(— 

o 

CO 

Cj 

Cj 

Lr) 

2 

_J 

2 

o 

CO 

D 

U 

< 

CJ 

•— 

_i 

H 

t— t 

E 

_i 

O 

J 

UJ 

E 

LU 

< 

t— i 

CO 

-J 

CJ 

a 

CO 

*—< 

CD 

> 

i- 

< 

Ll 

LY 

2 

cd 

: 

UJ 

uu 

CC 

< 

l-H 

Cx 

2 

s 

CY 

UJ 

C) 

2 

_J 

(- 

UJ 

l- < 

2 

< 

i 

1- 

1- 

O 

O 

<I 

Z 

h- 

O 

CO 

UJ 

CJ 

2 

►— i 

LO 

o 

L 

LO 

h- 

(3 

_J 

LU 

2 

1—1 

< 

CJ 

_J 

_J 

<3 

2 

< 

2 

LO 

UJ 

LU 

< 

CJ 

CO 

>— ( 

> 

O 

UJ 

_J 

O 

> 

cj 

< 

hH 

_j 

>- 

E 

O 

CJ 

►-H 

u. 

1— 

h-) 

CY 

1— 1 

I 

ce 

_j 

<i 

Cr 

_J 

D 

H 

LU 

t- 

O 

Cl 

CL 

CO 

LU 

LY 

CJ 

CL 

LU 

h-l 

Cr 

CD 

CJ 

r- 

r- 

_l 

< 

CJ 

LY 

LL 

LU 

h- 

D: 

2 

LLJ 

< 

u 

< 

Ll 

< 

LJ 

2 

1) 

HH 

^^ 

_l 

CY 

Uj 

2 

Cr 

U_ 

l~H 

C. 

1— 

CD 

1- 

LL 

LU 

_J 

1 

O 

LU 

< 

_: 

o 

LY 

S 

2 

2 

<x 

LU 

2 

LU 

1 

h- 

O 

_J 
O 

_j 

LU 

Q 

o 

LL 

> 
_J 

1-1 

< 

LY 

LU 

V- 

O 
CJ 

CY 
1 

UJ 

CD 

o 

CJ 

Cj 

CO 

o 

O 

-J 

Lj_ 

2 

> 

< 

►— - 

h- 

0 

3 
Li 

I 

Cr 

Cl 

X 

t- 

CO 

< 

CJ 

o 

(- 

UJ 

o 

o 

LU 
> 

2 

cr 

CJ 

i — i 

> 

r- 

h 

1- 

O 

CO 

LO 

•a 

UJ 

t— I 

•— ^ 

Z 

..i 

t-H 

< 

LU 

< 

CD 

\ 

IV) 

UJ 

u_ 

0! 

Cr 

_l 

E 

2 

CY 

o 

_l 

LU 

h" 

> 

K 

a. 

CN 

> 

2 

^ 

o 

O 

O 

< 

r- 

1— < 

_i 

< 

> 

o 

LLJ 

o 

3 

UJ 

■*- 

< 

O 

Lr 

h- 

h- 

CO 

Q 

I 

u 

LO 

_J 

h- 

t— i 

LU 

Cj 

o 

O 

2 

Cr 

O 

Cj 

Cr 

< 

< 

> 

z 

CJ 

LU 

_i 

D 

LU 

UJ 

H 

_J 

HH 

> 

UJ 

1 

Cr 
< 

_ 

CD 

2 

LU 

h- 

< 

a 

or 

LU 

a. 

LU 

Q 
LU 

< 

rx 

<a 

UJ 

_J 

UJ 

LU 

LL 
LL 

CJ 

2 

CJ 

LU 

LL 

X 

o 

o 

ly 

cn 

_l 

3 

to 

^ 

o 

z 

2 

\- 

CY 

_j 

u 

►— < 

LY 

LU 

_) 

cr 

1— 

LU 

O 

< 

CD 

_J 

LU 

\- 

UJ 

_l 

_i 

2) 

LU 

LU 

< 

< 

_j 

Cr 

Q 

D 

< 

1— 

Ll 

i 

2 

U 

I 

_j 

\ 

_l 

u 

LL 

_J 

_J 

_j 

D 

CD 

CD 

cr 

LU 

LU 

2 

CY 

_J 

< 

LU 

CO 

M 

1LJ 

Cl 

o 

■■- 

Uj 

< 

i— i 

LU 

UJ 

2 

CD 

CY 

u 

_l 

< 

< 

>- 

CJ 

D 

LY 

(— 

h- 

a 

CY 

I/) 

— - 

LU 

CJ 

Cr 

I 

LO 

h- 

CJ 

o 

LY 

cn 

LU 

< 

_J 

_i 

_J 

O 

LO 

o 

i 

CJ 

2 

< 

2 

(3 

CJ 

< 

LO 

< 

o 

< 

< 

I— 

-U 

cr 

Cj 

_i 

Q 

o 

_J 

a 

t— ( 

< 

< 

5 

_J 

_J 

LL 

2 

t—t 

Cr 

J 

Q 

i — i 

I/) 

Cj 

CY 

1-^ 

_l 

_j 

2 

O 

< 

Cr' 

UJ 

UJ 

CO 

_J 

2 

cr 

h- 

(— 

3 

O 

CJ 

i— i 

LY 

O 

HH 

> 

< 

o 

LU 

E 

LU 

< 

s 

D 

o 

K-l 

LU 

CO 

_J 

CJ 

CJ 

< 

O 

D 

2 

2 

2 

hH 

LO 

2 

Lu 

LU 

h- 

LU 

3 

to 

H 

2 

H- 

> 

_J 

LU 

LO 

CO 

LO 

2) 

D 

I 

< 

I— 

i 

U 

CJ 

< 

o 

< 

CC 

i— t 

1 

h- 

Z 

2 

c 

D 

_* 

UJ 

O 

^ 

co 

CD 

c 

LO 

LU 

2 

O 

LU 

CO 

1— 

Cr 

_l 

2 

1— 

f-H 

2 

CJ 

O 

o 

2 

CY 

O 

LU 

(/I 

Cj 

2 

CJ 

t-i 

2 

LU 

C 

LO 

_J 

I 

I 

< 

►— i 

_J 

i— < 

< 

LY 

LU 

CO 

_l 

>— < 

LU 

CD 

>—< 

2 

»— < 

UJ 

h-H 

h- 

z 

LU 

< 

< 

t- 

i-. 

1— < 

_l 

CD 

< 

h 

H 

2 

_j 

CC 

2 

3 

_J 

UJ 

LY 

o 

HH 

Cj 

_J 

2 

2 

»—i 

> 

I 

CJ 

> 

co 

< 

a 

O 

H 

Dr 

a. 

<j 

_j 

_J 

o 

2 

2 

(— 1 

t— ) 

t— i 

CD 

o 

_j 

h- ( 

O 

O 

1— 

> 

<3 

CL 

CO 

2 

HH 

_l 

l-H 

r- 

CY 

h- 

2 

2 

<x 

CL 

>— * 

LU 

< 

I 

lo 

o 

DO 

2 

a 

t— < 

r— 

3 

3 

2 

1— 

LU 

a 

>< 

HH 

> 

CO 

Z 

< 

a 

1— 

X 

LU 

> 

I 

< 

o 

►— < 

O 

LU 

t- 

3 

_J 

o 

HH 

2 

^■; 

: 

t— i 

_*: 

< 

i— i 

< 

o 

a 

UJ 

CO 

D 

^H 

D 

LO 

LU 

LL 

^-j 

o 

CJ 

_1 

1— 

CY 

h- 

h- 

U 

> 

D 

< 

_l 

O 

LO 

CY 

2 

O 

U! 

CJ 

(— 

< 

Cl 

2 

2 

M 

o 

_l 

Cr 

O 

>- 

LY 

2 

I 

O 

75 

h- 

a 

*-t 

1- 

<I 

LU 

2 

2 

LU 

h 

Uj 

CO 

LU 

o 

3 

H- ( 

LO 

LU 

CJ 

> 

s 

IT) 

O 

O 

< 

LU 

CJ 

u 

LL 

LU 

Ci 

CL 

>- 

< 

•- 

1- 

2 

CY 

a 

3 

2 

CY 

LU 

O 

>- 

O 

2 

2 

3 

l-J 

CO 

LU 

r- 

1— 

LO 

H 

2 

1— 

f-H 

*-^ 

s: 

►— i 

KH 

> 

\- 

_l 

Cr. 

2 

CO 

LU 

< 

< 

LU 

O 

-r 

t— t 

CD 

CJ 

CD 

LU 

s 

<r- 

< 

3 

t-H 

OL 

LO 

\- 

t- 

CD 

< 

LU 

UJ 

2 

1- 

LU 

_J 

_J 

t- 

CY 

O 

_l 

D. 

_J 

_J 

CJ 

CO 

LO 

h- 

Q- 

»-H 

-— 

2 

> 

1— 

Cr 

D 

Cr 

Lu 

Z5 

CO 

O 

LU 

< 

< 

LU 

CY 

1— 

\- 

_l 

>— < 

LL 

-; 

<I 

_J 

l 

o 

HH 

_) 

D 

LL 

_j 

2 

< 

< 

LU 

h- 

LO 

Cr 

a 

_J 

»— * 

Ul 

a 

O 

CD 

o 

Cr. 

LL 

Q 

h- 

I— 

O 

LU 

_J 

t— 1 

CO 

<I 

o 

CJ 

Ul 

C, 

LL 

H 

LU 

5 

CO 

o 

LU 

O 

_J 

LU 

D 

2 

CJ 

LO 

D 

.— < 

_l 

5 

CD 

CL 

2 

D 

UJ 

3 

LO 

CO 

2 

o 

_J 

< 

LU 

CY 

LU 

1— < 

CJ 

LU 

< 

O 

2 

CJ 

CJ 

3 

2 

LU 

LU 

< 

1/1 

< 

CD 

LU 

LY 

*— i 

LU 

LU 

> 

Q 

1- 

o 

LU 

> 

_l 

>- 

CJ 

CJ 

CD 

2 

cr 

D 

CJ 

_J 

CJ 

Q 

_J 

CQ 

3 

a 

a 

3 

2 

1- 

y-i 

> 

o 

^ 

1- 

C) 

»-H 

O 

LU 

LU 

LU 

2 

o 

o 

LU 

o 

< 

LU 

< 

LY 

< 

O 

t— ( 

Q 

< 

UJ 

a 

CY 

t- 

< 

►-H 

O 

LY 

t-H 

< 

u- 

cr 

LL 

Lr 

hH 

u 

Cl 

D 

:j 

Z 

I 

CJ 

u 

O 

j. 

»— 

(- 

_l 

LL 

CJ 

UJ 

I 

< 

Cr 

2 

Q 

< 

h- 

o 

i 

< 

I 

u 

X 

LL 

«J 

D 

_j 

LL 

LU 

< 

h- 

1- 

3 

K 

en 

Cj 

1— 

o 

< 

< 

►-H 

1— 

o 

< 

a 

Cr 

<3 

2 

CJ 

_J 

LL 

t- 

CO 

_l 

2 

o 

r- 

_J 

CD 

t— 1 

LU 

3 

C) 

HH 

I 

I 

3 

u 

1— 

o 

KH 

~7 

LU 

CL 

a. 

(- 

LU 

_J 

2 

CO 

LU 

D 

CL 

i-^ 

LU 

O 

2 

LU 

< 

o 

< 

< 

LU 

O 

t— i 

K 

_J 

I 

O 

1 

to 

Q 

K 

CJ 

o 

< 

Lu 

cj 

K 

1 — 1 

2 

^ 

_J 

CO 

LO 

< 

2! 

Cl 

O 

CO 

CO 

LL 

E 

CO 

i— t 

E 

L- 

LO 

1- 

Cl 

E 

CO 

_J 

3 

LL 

o 

LO 

> 

LO 

< 

LO 

O 

< 

LY 

< 

CO 

< 

CY 

> 

2 

_l 

LY 

2 

_J 

2 

o 

2 

2 

< 

CD 

< 

i 

i 

i 

_l 

1 

1 

CJ 

1 

•— • 

1 

_J 

1 

O 

1 

I 

CL 

i 

(— 

i 

O 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

i 

O 

1 

LU 

1 

cr 

CL 

LU 

cr 

LU 

>— ^ 

Cl 

< 

t— < 

cr 

LO 

LU 

2 

LO 

1—. 

< 

2 

K 

O 

t-H 

1— 

LU 

LU 

Z 

o 

o 

CC 

CD 

UJ 

CD 

CD 

< 

r- 

»— i 

n 

1 

n 

< 

CN 

ro 

CJ 

LO 

CY 

CD 

< 

r- 

00 

O 

t 

[-~ 

O 

m 

LO 

Cj 

in 

f 

co 

ro 

in 

r^ 

< 

r- 

CY 

ro 

LU 

o 

CN 

c 

O 

CD 

00 

■r- 

*- 

2 

▼- 

LU 

n 

2 

^T 

"3- 

■<- 

< 

CN 

CJ 

'? 

in 

CD 

in 

f~ 

ai 

CD 

r- 

LO 

CD 

r-- 

O 

CD 

O 

CN 

r~ 

O 

o 

CD 

CO 

O   CD 

I 

CD 

q: 

OJ 

►— ' 

LO 

CD 

CD 

LU 

CD 

CO 

CO 

K-t 

o 

in 

m 

CD 

"5 

oo 

CD 

CD 

■7 

in 

t-- 

O 

*J 

CD 

ro 

-j 

CD 

3 

r- 

a 

C5 

G 

co 

r~ 

3 

o 

CD 

co 

•<J 

o 

O 

CD 

ro 

LU 

in 

cn 

h- 

•r- 

CO 

ro 

2 

T 

CD 

LO 

w 

CD 

o. 

o:i 

in 

^ 

I-- 

CN 

ro 

CD 

t> 

ro 

-j 

ro 

_) 

^r 

< 

2 

CO 

r~ 

CD 

O 

•*- 

LO 

►— < 

T- 

b- 

CD 

LU 

CD 

CY 

(D 

ro 

>— t 

r^ 

►-H 

LO 

n 

n 

UC 

00 

*- 

•r- 

^3* 

a  j 

CD 

o 

O 

CN 

"!J 

*T 

r- 

in 

LU 

ro 

LU 

a< 

_j 

►— « 

CC 

c 

O 

;* 

C 

lO 

l- 

o 

HH 

o 

2 

CD 

1— 

f- 

r~- 

> 

LO 

s; 

O 

s 

LO 

r-- 

t- 

oo 

03 

00 

00 

00 

CD 

CD 

CD 

CT- 

CD 

o> 

O 

2 

T 

2 

O 

o 

LU 

r. 

ro 

T 

_j 

ro 

ro 

t-H 

■g 

_l 

T 

Cr: 

ro 

2 

CD 

ro 

LU 

ro 

s 

■g- 

2 

ro 

n 

ro 

CO 

ro 

ro 

ro 

CO 

CO 

ro 

ro 

ro 

ro 

ro 

■<t 

CY 

ro 

LY 

*) 

co 

O 

co 

o 

CD 

co 

< 

< 
CJ 

LU 
CJ 

_J 

O 

o 

CJ 

o 

CJ 

O 
CJ 

O 
CJ 

91 


cx 

r> 

h- 

o 

< 

Ll. 
D 
2 
< 

u. 
o 

co 
to 

LU 
O 

o 
cx 
a 

Q 

< 


Cr 
O 

I- 
<a 

LU 

2 

LU 
C3 


LU 
O 
< 


LU 


cs 


cj  < 

-H  I 

CY  Cl 

I-  -J 

cj  < 


(Jl 

CD 


o        >- 


> 
o 
ix 

LU 

z 

LU 

< 

_: 
o 

If) 


z 
o 

10 
CO 
< 


00 

Z  a 

<  LU 
00  h- 

d: 

LU  LU 

HH  > 

X  z 

Cl  O 

<  U 
CL 

C5  > 

LU  O 


D  CJ 

LU  Z 

_l  O 

<  >-i 

cx  s 

LU  CL 

Z  LU 

LU  I 

O  h- 


l-H        I 

z 
CD 

<  en 
d.  n 

o  "- 

o  co 

i  -a- 

u.  co 
to 
u 


< 
oo 


O 


o 


z 
o 

CO 
00 


CO 

CO 

< 

< 

Z  -i 

i-i  LU 

I-  CJ 

< 

o  u 

CJ  >"H 

< 

LL  h- 

O  -J 

>  o 

Z   D  > 

<  o  o 

a  I  i- 

2  t-  o 

O    LU  X 

u  s  a 


3 

D 

_J  CD  O 

<    O  (N 

00  CD  CD 
O  CM 

■  oo  O 

1  03  (J) 

co  en 


en 

u 

< 

00 
D 
LU 

LU 


O  > 

<-i  < 

h-  _J 

<  LU 

a  q 
o 

a  _i 

IX  _J 

O  LU 

U  CJ 

co  cr 

cj  < 

l-H  _i 

Z  o 

o  CI 
IX 


LU    CD 

o 

Z    LO 

o  cx> 
i/i  oo 

cj  co 


CO 

z 
o 


CO 

o 

Q. 

o 
u 

CO 
CO 

< 


< 

o 

00 

•5. 

>    LO 

Z  co 
<  < 

CL    h- 

^  o 

O    CL 

u 


< 
cj 

.-.  LO 
S  CD 
LU    CD 

I  r~ 
u  p- 
oo 
3  co 
o 

D 


<  O 

a  •"* 

o  -J 

Cl  m 

cl  oo 

o 
o 

o 

z 

i-h  CD 

z  r- 

Ct  00 

O  CO 

CJ  LO 
CD 

3  CO 
O 

a 


D 

> 


o 

IX 


CL 

o 

Q 

LU 
CJ 

z 

T 
Z 


3 
00 


>a  u 

ZbJH 

<  .-.  z 

Cl  IX  < 

S  a:  U 

o  <  ct 

CJ   00  O 


CD  *- 

Z  --  T 

<  in  lo 

5  n  cm 

i-  O  - 

CO  tj-  ■sf 
< 


a: 

;- 

d 

< 

_J 

_J 

o 

CO 

cj 

»— ( 

Z 

I' 

o 

<3 

hH 

CJ 

1— 

a 

u 

o 

z 

n 

:: 

"J 

< 

O 

Ct 

o 

LU 

z 

CJ 

o 

Ct: 


D  LU 

LU  00 

< 

Ct  i 

o 
a 

ex  CD 

O  CD 

cj  oo 

Z  00 

t— I  ^~ 

r- 

co  co 
co 


-J  Z 

»-i  o 

Z  CJ 

LU    LU 

CJ    -J  LU 

l-H    LU  CJ 


CJ    LU 

D 


CJ   D 


aZ" 

LU  <  CJ 

LU  >  >-H 

Z  -J  LL 

I-H  <  LL 

O  C>  LU 

z  o 


> 

o 
I  t- 
a  o 

-I      I 

I    Cl 


I 

CJ 

Cl 

< 

LU 

CO  CM  CM  OO 

LU  ^  CM  00 

IX  LO  lo  r- 

cd  ^j-  r~ 

Z    00    CD    CM 

ooiO'- 

X  CO   "tf   <tf 
X 


o 

CO 


Z  CM 

<  T- 

IX  CD 

ct  co 


>- 
C5 
Cl' 
LU 

z 

LL, 


< 

CJ 
I— t 
Ct 
h- 

o 

I  LU 

O  _J 

LO  LU 
Ct 

o  o 


D  CJ5 

Z  Ct 

<  LU 

3  Z 

LU  LU 
13 


o 


3  K 

IX  cl 

LU  LU 

O  > 

IX  Z 

D  O 

LL  (J 

Ct  ct 

D  O 

M  LL 

I-  LO 

LL  ~D 

<.  t- 

I  < 

CJ  Ct 

00  < 

_i  a 

_l  Cl 

LU  < 
00 
LU 

CD  I 

cx 

LU  CO 

LL  CM 

0  *- 

1  o 
z  - 
D  *- 
<  -st 
Ct 


X  i 
co 

z 

lu  r~ 

Q  CM 

LO 

<  CD 

00  CD 

<  o 


z 

a 


00 


o 

z 

< 


Q 
O 

D 

LU  CJ 

(-  i-i 

LO  < 

>  I— 

CO  _J 
O 

h-  > 

o 


o 
I 

a 


D  >-! 


1-H  > 

K  O 

<  _l 

cx  a. 

ID 
Cl 
CX 

O  -J 

CJ  LU    Z 

z  ~ 

co  <  I 

CJ  CL     I— 


> 

Q  CO  CD 

lo  r- 

_J  CD  ^J 

<  lo  r^ 

DC  -r  LO 

LU  O  O 

Z  1  T 


> 

Dr 

UJ 

> 
□ 
CJ 


CL 
CO 


CO 
CO 


> 


Z  ^  _J 

<  Ct  UJ 

a  <  cj 

S  D 

o  z  ct 

cj  o  < 

CJ  _i 

a  lu  o 

i-h  00  00 
CL 

t- 


LU  LO  CD 

O  - 

_J  <tf  CO 

<  i-  CD 

Ct  CD  CO 

LU  LO  CD 

Z  CO  CO 


CO 

(— 
< 

< 

a. 
a 
< 

CJ 

< 
a 


IX  cx 

LU    < 


O  o 
a  oo 


o 
co 


LO 

-J  O 

<    CD 

CX  O 

LU    O 

z  ^r 


CJ    CO 

Z 
-  I 


>   3 

Z 

<    LU 

0 I 

S  CJ 
O  i-i 
CJ   X 

LU 
CL    > 


< 

CL 

H  CD 
CM 

_J  CO 

<  CO 

CL  CD 

LU  CD 

Z  00 


(5 


C5 


CD 


< 

a 


92 


< 


LY 

05 

< 

ID 

_l 

^•^ 

a 

»- 

oo 

_. 

CD 

Li. 

z 

D 

l-H 

h- 

2 

2 

O 

LU 

l-H 

K 

00 

■3 

cr 

a 

UJ 

> 

o 

I' 

LU 

D 

2 

O 

CD 

t—i 

h- 

oo 

O 

00 

LU 

< 

a 

l-H 

D 

> 

a 

a 

< 

<  o 

Q         i-H 

2         < 

O         >-" 
i-i  oo  Q 

I-    LU    < 

<  CJ    LY 

o  >  cd 

<  lu  2 
LiDh 

> 

o  o:  m 

HO    LU 

h-   U 

LU    CJ    LU 

cj  z  cy 

2   Q 

<  Z  cy 
h-  o  o 

00   CJ   U- 

00   2    LU 

LU    LU    CJ 

a  oo  < 

LL. 

o  lu  ly 

LU    >    Z 

O    00 

lyzlu 

D.WC3 

S  Q.  a 

>-H      K     < 


O    LU 

2 


CD 


>  CD  m 

<  2  3: 

1  t-H 

LU  Z  -J 

OKI!) 

hUU 

>  < 

LU  LL-  LY 

a  n  < 

2  -l 

a  <  o 

o  s  oo 

o  a  lu 

Z  O  h- 

Q  ll.  < 

2  K 
O  00  00 
CJ  00 

l  LU  O 

i-h  (J  l-H 

2  O  -J 

LU  LY  O 

00  0_  00 


< 


o 

00 


2 

o 

i-h  ■rr  i-  n-  cm 

z  r-  *-  cn  cm 

Z>  r--  ro  oo  oo 

i    tT  c\i  ■*-  oo 

lu  lo  cd  r-  cn 

m  f  <f  ^  ^ 

o  ro  ro  ro  co 
_j 
o 


h-  oo 

<  a 

u  o 

l-H  t- 

u.  < 

l-H  Ql 

cy  lu 

Z  2 


CD  00 

>- 

LU  00 
> 

<  LU 

3  CD 

O  < 

dc  cy 

o  o 


<  _i  < 
o  o  cj 

l-H     00     l-H 


O    LU  O  LU 

LU    Z  LU  Z 

I—    O  t-  CJ 

<t  o  <  o 

d;  a  >  a; 

O   I-  i-h  h- 

a  o  h-  o 

CY    LU  CJ  LU 

O   -I  <  —I 

CJ    LU  LU 

2  O  h-  O 

MKlh 

o  cd  o 

00    Z  i-h  I 

lu  a  j  a. 

CY 
Oii> 


< 

cy  cd  "»  ^ 

O  CD  oo  O 

CO  t  r~  t- 

<  r-  r-  oo 

_l  CN  CN  CM 


^r  ■*  ^r 


I  00 

a  lo 

<  oo 

t-  n 


>■ 
< 
a. 
a. 
< 


> 

2 
D 
CJ 

> 

cd 

a 


a 
< 


□ 

I/O 


LY 


X  -J 


2  > 

<  l-H 

a  i— 

s  u 

O  LU 

CJ  —I 


00 


Li-  ly  ly 

LUO  >0 

a:  ll  d  ll. 

LU  O  LU 

<  cy  co  cc 

LU  LU 

oo  Z  D  I 

<  h  LUh 

M 

Sl-Hh 

<  2  _l  2 

UJ    LU  M  LU 

COS  CD£ 

LU  <  LU 

h-  CD  t-  CD 

Z  2  oo  2 

CD  <     i  < 

m  or  z  cy 

cy  i-h  cy 

<  a  < 

H-  00 

2-1  -J 

LU    _J  <  _J 

cy  lu  lu 

lu  cj  ll  cj 

Z  o 

o  d:  cy 

cj  <  2  < 

_l  O  -J 

<  O  i-h  O 
00  \-  00 

o  < 

2   D  K  D 

w  2  2  2 

>  <  LU  < 

<  l-H 

Z  lu  a  lu 

_l  O  _J 

so  CJ 

LU     l-H  Q  l-H 

I-  I  2  Z 

00   LU  <  UJ 

>  >  > 

00  _1 

D  O  Q 

CD    LU  LY  LU 

2  rsj  i—  N 

-.  M  z  i-h 

oo  _i  o  -J 

Z     l-H  CJ  l-H 

LU   DO  03 

00  <  >-  < 

Z  oo  i-h  oo 

O  CJ 

i-h  Z  O  Z 

h    H  J  M 

O   Q.  LU  0. 

S    00  >  00 


Q 

D 
LL 

UJ 

D 

LU 

z 
h- 

00 

oo 

UJ 

I-1 
O 

a 

a 


LU  O 

\£  l-H 

HH  (- 

-J  < 

CJ 

LU    i-h 

Z  cy 

h-  m 

<i 

CY  ll. 
O 
D 

oo  Z 

-J  < 
_J 

lu  cn 


O 

to 


2 
<l 
S 
CY 
O0    LU 

-I  CD 


cy  lu 

<  a 

_i 

O  CY 

00  < 

_J 

00  o 

<  00 


LU 

CJ    _J  i 

LU  LU 

LY    CJ  O 

<  l-H 

jaz 

O    <  LU 

LO    _J  00 

O  LY 

00   OO  < 

o 

CJ    00  ^ 

'   a  zi 

2  O  >-H 


a  o i 

2  2  < 
l-H  m   CD 


2  -J  2 


Z  oo 

O  < 

z>  < 

oo  CD 

00  cy 

y-  o 

2  LL. 


CY 
2  O 
CD   U_ 

00  h- 

lu  2 
Q    LU 


2 
O 

a 
s  < 

D  —I 
CJ 


<  00 

I-  > 

OO  LY 

>  (J 

CY  > 

O  —I 

>-  o 


O  CD 

<  2 

h-  < 

2  CY 

O  LY 

U  < 


CJ   CJ 


CY   CY 

<    < 


o  o 

LO    00 


.3 

o 

Q 
2  2 


3  Z 


Q 
O 

i-  a 

u  < 

LU  CD 

2  D 

2  Z 

O  < 

U  CO 
CY 

LU  Z 

h-  CD 


•-H     Z     -1 


-J  2 

I-  Z) 

<  l-H 

CJ  _J 

l-H  _| 

CY  < 

CO  CD 

LL.  Z 

o 


CJ 


2  CY 
i-h  O 

< 

CY 

CD   00  Z) 

00  TJ 

LU    LU  i-h 

CD  CJ  t- 
CY  O  -J 
<   CY   Z> 

a.  s 


Ocno-^r^Or-ooLnLnro^ri-co 
iniO'JLOrj^cNw^OcMmno 
cDOiooocooo'^''^'r^Lni^-cDLnt--- 
O^ojoocnrotr)co(r>cv)r--oocooo 
0)0)«inOL0OOMPOO'-oi 
T^-r-h-oooocncDCDcr)'--^-^'^- 
rorocororororocororo'a-'a-TH:^ 


Cr 

_J 

UJ 

> 

LU 

< 

> 

_J 

i — i 

1- 

UJ 

CJ 

> 

<1 

H- 

2 

u 

< 

< 

00 

i: 

< 

< 

_J 

00 

< 

< 

i — 1 

CY 

_J 

LU 

< 

h- 

^H 

<J 

q; 

£ 

LU 

h- 

00 

< 

z 

^T 

o 

I 

a 

CL 

< 

Cjl 

CD 

O 

D 

E 

2 

•J 

< 

Lu- 

> 

00 

lu 

00 

D 

< 

3  CD 


a  cd 

2  2 


>-  > 
O  O 


D.  a 

2  S 


u  o 

>  > 

LU  LU 

a  d 

2  2 

o  o 


CJ  CJ 

2  2 

z  z 

o  o 

CY  CY 


LU    LU 
Z    Z 


cj  cj 

<  < 


o  o 

2  >  > 

o  o  o 


<  z  z 

a  o.  a. 
o 

CL 

CY  I  I 

o 

CJ 

CD  CO 

Z  00  LO 

CJ  L0  ld 

LU  CD  T 

t-  t-  CM 

o  o  o 

2  ■V  ^t 

2 


a 

CY 


<  LU 

CY  2 

O  CD 

a  < 

CY  2 

o  o 

CJ  CY 
h- 

(/)  CJ 

LU  LU 

2  -I 

i-h  LU 

z 

CJ  LL. 

<  o 


o 

l-H  lY 

>  LU 

LY    LU  I— 

lu  o  a 

I-  LU 

CY    LU  > 

LU    >  2 

>      M  O 

2  oo  CJ 
O  2 

CJ   O  _l 

a  < 

>  oo  u 

CD   lu  i-h 

LY    CY  CY 


CY  2 

OO    LU  LU 
00    I— 

LU    LY  2 


2  LU 

i-h  > 

oo  2 

z  a 

DO  CJ 


<  i    i  i    i 

2 

O 

i-h  CD  OO  00  oo 

I—  CM  CD  CO  cn 

<  O  CD  O  CD 

2  LO  LO  CM  CM 

CY  r-  O  CD  CD 

lu  to  O  O  O 

I-  CO  ^  -3-  rr 

z 


CY 

Cj 


LU 

z 


CY 
Z 
(- 
CJ 

< 

LL 

z 
z 
< 


o 
oo 


O  LU 

>  s; 

z  a 

CD  Z 

l-H  < 

z 
z 

LL  O 

O  l-H 

h- 

lu  CJ 

CY  Z 

Z  CY 

h-  h- 

O  00 

<  z 

LL  O 

z  u 


2  U 
O  lu 


<  O         i-h 


D   O 
O   CJ 

Z      l-H 


l-H  p-  CD 

i—  cm  ro 

<  LO  O 

2  CM  CO 

CY  CM  00 

LU  TJ-  -3- 

t-  CO  CO 


o 

h- 
O 

z 

Q 
2 
O 
O 

s 

LL1 
LO 

CY 

o 


oo 

CD 

2 


O    LL 


<  i 

LY  i-h 

0  H 

01  Z 

LY  < 

O 

u 

00 
CJ 

i-h  ro 

lo  oo 

>  oo 

Z  cn 

a  co 

LO 

2  co 

CD 


CM 
L0 

CO 


CD 

< 
CL 


93 


< 

o 

< 

1— 1 

I 

CY 

a 

h- 

_j 

O 

< 

c» 

> 

r- 

d 

~^ 

cy 

CM 

o 
00 


z 
o 

I/O 

a- 

LU 
> 

z 
o 
u 


o 

LU 

ly 

1—4 

D 


LU 


o 
to 


Z        en 

mm         3 


CD 


to     ■  Z 

LO    O    LU 

<  Z 

MH     CY 
< 

-    _J 

oo  o 

_l    00 

o 
cy 


D 

CJ  CD 
LO 

Z  co 

o  n 

00  00 

Z  O 

1  *- 

o 

3 


ly 

LU 


CO 

a 

< 

_j 

O 

00 

CD 

Z 

M- 1 
> 
< 
I 

I 

u 


<  h- 

I     MM 

oo  3 
O  U 
Y  a: 

LU    (J 

oo 
CD 

<  z 

3    t-H 

3   CD 

00  CY 

< 

<  X 

1  o 
oo 

<  i 

Y 

X  r- 

M   -3- 

oo  ro 
3  r- 

m  ro 

< 


o 

CJ  00 

MH  _l 

<  _l 

I-  LU 

_J  u 

o 

>  cj 

O  MM 

t—  < 

o  t- 

X  _l 

a  o 
> 

—I  o 

_l  h- 

<  o 
3  I 

a 
cy 

<  LU 

LU  Z 

CY  i-i 


—I  < 

DQ  (- 

i-i  00 

X  > 

UJ  CY 

—I  CJ 


CJ   CD 

M    Z 

<    MM 

t-   CY 
< 

Q_ 


00    00 
00    00 


O  LO 

CY  CD 

i-  en 

a  oo 
< 


00   CJ    CJ  X 

LU    O    O  I— 

mm  tY  cy  lu 

a  cl  cl  s: 

i— 

oo 

Dili 

D 

Z 

Mhon 

O  oo  r- 

uj  O  ID  <» 

Z    CM    CM  O 

Z  "3  r-  oo 

<  ■q-  tt  ^ 

3  ro  ro  ro 


O 

Z  I 

3  CJ 

00  00 

LU  < 

X 

i-  a 
z 

LU  < 

O    LU 

CJ  -I 

>■     <  —I 

I—    LU  LU 

i-i  CJ 
Z    LU 

i-i  oo  cy 

cj  cy  < 

Mill  J 

>  >  o 

LU  00 
LU    CY 

X  CD 

I-  z  z 

O  i-i 

Z  D 

HhD 

CJ  _l 

OO   <  CJ 

Z  h-  z 

O  Z  i-i 

M    O 

O0   CJ  h- 

oo  Z 


o 

H 
O 

3 

a 

z  s:  <  z 

o 
cj 


< 
_j 
o 

00 

CD 

Z 

00   i-( 

oo  cj 

LU  3 

CJ  Q 

O  O 

CY  CY 

Cl  a 


O   2 

LU 

cy  oo 

< 

_i  < 
o 

oo  CD 

z 
<  1-1 


h-  LU  CD 

I  E  Z 

(3  < 

m  o  cy 

_i  Z  a: 

LL  <  < 

cy  s:  CY 

o  mm  o 

LU  cy  h- 

u 

CL  I    3 

D  h-   D 

»-  mm  Z 

<  3  O 

cy  cj 

lu  _l    MM 


CD 


-I    CL    Cl 
-J    < 


-JZOOOLU_ll— 


cy  q 
lu  o 
D  X 

—I  t- 

o 

oo 


o  o 
o  o 

X  I 


s  s 


o  o  < 

00  CL 

cl  cd 

<     Z  LU 
JH|- 

O  I  z 

00    H  MH 


cy 

o 

i-  _J 

<  LU 
CL  Z 
LU    < 

Z  a 

LU 
CJ    CL 

o 

—I  I- 
_J  < 
lu  a 

CJ    LU 

z 
a  lu 

<  CD 

_j 

O  CL 
OO    < 

-J 

_1  o 

<  00 

cy  lu 
l-  _J 
oo  m 

LU     MH 

CL    X 

CL    LU 


< 

a 

LOOOOOCNILO^t 

<CMoocDr^i-ojroLoro 
MMCTi'-r^r-~cr)cT)CDOoD 

l-TTCDCMCMOOCM'-^criCO 

Zi^co^r-r^OooO^ 

LUlOhhhMCCOOO 

uoenronnno^^ 


CL 

a 


3 
CJ 


oo  3 

2  O 

lu  a 

M- 

00  CL 

>  < 

00  _l 

O 

00  00 
00 


00 

13  LO 

CO  CM 
r- 

z  r- 

o  — 

h-  o 

I-  ft 


< 
oo 


Z  oo 

O  i 

MM  CJ 

H-  Z 

<t  MM 

CL  N 

O 

Q_ 

cy  i 
O 

CJ 
oo 

Q  <- 

LU  1- 

LU  Tf 

X  *~ 

X  t- 

CJ  00 

o 


m 

s 

LU 
00 
00 

< 

CY 

< 
■    _J 

CJ  3 
Z  D 
mm  O 


<    LU 

a  cj 

O   CY 
CJ    < 

_J 

LU    O 
CJ    00 

< 
Cl  lu 

00   _l 

DQ 

+      MM 

X 

00    LU 


CD 

D  <T> 

LU  LO 

LU  00 

X  LO 

X  CD 

CJ  00 
O 


< 

a 
< 

CC 

< 

_J 
O 
oo 


LO 


I  CD 

Z  cn 

MM  oo 

h-  <?■ 

CL  00 

< 


C/) 

z 
o 


3 


cj  o 
O  cj 


LU  CJ 

CL  <  LU 

DLtU 

t-  I-  MM 

CJ  > 

3  X  LU 

ly  h-  a 

(-  MM 

00  3  -I 
_J 

O0  O0  LU 

Z  Z>  CJ 

LU  h- 

_1  <  CY 

CY  < 

<  <  _l 

D-  O 

o  a  00 

Z  <  l 

MM  LU 

a  z  i- 

3  O  < 

_J  MM  I— 

CJ  M-  00 

z  a  i 

MM  LU  Q 


X  < 

CJ  h- 

LU  _) 

h-  O 
> 

u.  o 

O  H 
O 

LU  X 

i-  a 

Z)  ■ 

H  O 

MM  S 

h-  CY 

00  LU 

Z  X 

MM  (- 

oo 


LU    O    O 

hUlfl 
00 

>  z     • 

oo  o  > 


CJ  K  mm  < 

MM  <  If) 

<  MM  Z  — I  —I 

H  D  LU  J  J 

_l  <  I—  LU  LU 

O  CY  Z  CJ  CJ 

>  I  MM  I 

O  CY  i  CY  CY 

h-  <  X  <  < 

O  — I  O  — I  -J 

X  O  mm  o  O 

a.  oo  i  oo  oo 


00   o  1^  LO  CM  CM  oo 

3   CD  *-  00  CN  CO  LD 

X  cn  -3-  n  --  t-  "S- 

O    00  CM  CD  O  00  00 

<    "*  1  CO  -m  M  CM 
LOLOOO-mm^ 

W    CO  ^f  if  Tf  t  Tf 

< 


LO 

z 


<  CL 

00 

LU    Lu  O 

S    O  CY 

<  K 

00  Z  O 

O  LU 

LU    H  J 

1  t-  LU 
h-    < 

CY  > 

CJ   <  00 

z  a 

mm    LU  LU 

X    CY  O 

<  a  mm 
2  > 

Lu  LU 

lu   O  Q 

o 

00  CJ 

Q     00  MM 

O    LU  < 

•     I     CJ  M- 

Q  1-  O  _l 

(—  LU   CY  O 

JS0-> 

o 

-  D   D  h- 

■  z  z  o 

O  <   <  I 

O  Cl 

_J   _J 

_J   _l   _J  C5 

<    LU    LU  Z 

MM     0     CJ  MM 

CY  Y 

M-    O    O  < 

00     MM     MM  Si 

3  <   < 

Dt-hU. 

Z  -J  -J  o 

MH     O     O 

>   >  Q 

CJ  o  o  o 

MH     M-      I-  X 

ccooi- 

h-    X    X  LU 

CJ    CL    CL  S 
LU 


< 

i-  r~  cm  cd 

MH  co  co  O 

I  *-  r-  m 

00  CM  O  oo 

3  CD  CM  CD 

00  TJ-  LO  LO 

l—  00  CO  00 

< 


00 

z 


_l 
< 
a 

3 

u 

3 
CY 

h- 

00 

D 
LU 

D 
_J 

o 


z 
< 

MM 

D 

Cr 

o 

CJ 

CJ 

< 

CJ 

z  z 

O     MH 

mh  a 
I-  _l 
CJ  o 

1  3  Lu 
CO  CY   Z 

2  1-3 
CD  00 

Z  CY 

2  o  o 

I    U    LL 

o 

—I  LY  2 
00    LU    00 

I       O     MH 

3  CD  Z 

O     MH     < 

X  CY  I 
JKO 
O  3  LU 
DQ  O  2 


I  i-  CO 

U  "-  L0 

LO  cm  r~ 

CY  CD  00 

LU  O  CO 

oo  CD  r~ 

00  CO  CO 


CJ 

LU 

< 

Cl 


94 


LU 

00 

H- 

o 

< 

i—i 

or 

h- 

h- 

co 

00 

l-i 

QJ 

cr 

Z 

LU 

to 

l- 

> 
i 

< 

Cr 

>— < 

< 

t— ) 

I 

i—i 

CJ 

_J 

LU 

< 

CJ 

(3 

Z 

z 

z 

C) 

UJ 

< 

1-H 

1-H 

h- 

z 

h- 

h- 

> 

Cr 

< 

— 

Z 

_J 

O 

z 

o 

Cj 

1- 

O 

Ll 

-J 

5- 

O 

LU 

CO 

H- 1 

or 

or 

1—1 

h- 

Z 

_l 

K 

H- 

LU 

u 

1-1 

2 

Z 

_J 

00 

o 

Cl 

(.0 

—1 

a 

i — i 

LU 

DO 

Ul 

Z 

2 

1—1 

h-H 

h- 

(J 

Z 

_J 

C5 

i—i 

I— 1 

QJ 

H 

2 

00 

LU 

2 

H 

X 

< 

a 

O 

Cl 

i—i 

LU 

< 

(- 

CL 

LU 

CJ 

< 

2 

2 

> 

o 

O 

< 

_J 

— 

_l 

Ci 

< 

cr 

o 

CJ 

^-^ 

CJ 

LL 

> 

o 

< 

cr 

cr 

LU 

a 

c 

CO 

z 

1- 

CO 

> 

h- 

LU 

CN 

Ul 

or 

a 

2 

00 

o 

t-1 

< 

U 

> 

^^ 

C5 

i 

LU 

M 

LU 

Cl 

LLI 

V— t 

00 

I 

LU 

D 

D 

< 

i—i 

2 

H 

z 

o 

2 

H 

o 

Q. 

H 

_J 

i^ 

cr 

K 

LU 

co 

<I 

cr. 

CO 

-J 

CJ 

_J 

< 

a 

LU 

UJ 

3 

UJ 

CJ 

H 

Cj 
h- 

2 

<J 

_J 

_i 

_J 

z 

_l 

t-H 

D 

< 

(3 

cr 

U.I 

00 

< 

> 

CjO 

LU 

D 

< 

cr 

3 

or 

Z 

t- 

> 

or 

CJ 

< 

_i 

2 

CO 

U 

Z 

I— 

co 

_l 

_l 

LU 

t-M 

U 

1—1 

> 

Ul 

t-H 

I 

UJ 

»— j 

_j 

o 

00 

< 

*—t 

< 

< 

>- 

1- 

LU 

H 

O 

>- 

Cr 

a 

£ 

CJ 

_i 

Q 

u 

> 

u_ 

o 

i— i 

LU 

< 

u 

_J 

CJ 

or 

<1 

1- 

_i 

LU 

z 

LU 

< 

J-H 

Cr 

LU 

1- 

X 

CO 

_i 

z 

UJ 

-a 

LU 

-i 

CJ 

Lu 

< 

CO 

c/> 

a 
o 

u 

_J 

o 

z 

LU 

Cl 

CJ 

>- 

UJ 

O 

z 

z 
a 

< 

h- 

CjO 

LU 

LJ 

2 

Q 

O 

2 
LU 

O 

—I 
LU 

| 

<; 
C3 

cr 
Cl 

cr 
< 

CO 

Q 

00 

a 

< 

_) 
o 
a 

or 

> 
LU 

z 

2 

H 

z 
o 

a 

LU 

2 
1 — 1 

_l 

(.0 

< 

Cr 

UJ 

O 
CJ 

C3 

z 

O 
X 
Cl 

I 
1— 

3 

O 

Z 

u_ 

D 

Z 

z 

>- 

o 

CJ 

Z 

i— l 

J 

O 

o 

(- 

►H 

l—l 

O 

K 

00 

h- 

o 

CO 

< 

z 
o 

CJ 

Cr 

2 

CO 

< 

> 

Z 
_J 

or 

LU 

> 

1 

_J 

Ul 

O 

00 

< 

c± 

_j 

z 

UJ 

> 

< 

1- 

z 

3 

2 

> 

r- 

CJ 

a 

z 

2 

a 

UJ 

i— 

_J 

CJ 

O 

< 

3 

HH 

H 

Q 

_j 

cr 

X 

LU 

_J 

> 

<3 

\ 

00 

UJ 

o 

o 

O 

s 

2 

or 

_J 

K 

or 

O 

H- J 

Z 

u 

LU 

1- 

LU 

<[ 

Cr 

_l 

< 

or 

CM 

UJ 

Z 

i 

u 

DO 

o 

UJ 

< 

LU 

2 

Ul 

CJO 

CL 

1—1 

1 — 1 

C5 

00 

U 

CL 

_) 

<( 

LU 

I 

LU 

T- 

CJ 

z 

i- 

> 

J— 1 

DO 

CJ 

a 

U 

LU 

2 

2 

LU 

2 

Cr 

00 

_l 

CL 

CJ 

2 

Hh 

c 

UJ 

-I 

_J 

»— < 

a 

LU 

U 

LU 

»— i 

D 

C5 

U 

< 

< 

to 

o 

2 

LU 

CO 

2 

LU 

1 

> 

o 

CO 

z 

CO 

>—< 

cr 

LL. 

LU 

CC 

a 

2 

00 

LU 

Z 

i—t 

> 

X 

2 

1^ 

< 

CJ 

2 

CJ 

CJ 

LU 

cr 

Cr 

z 

CO 

CO 

Q 

CL 

< 

O 

or 

K-l 

CJ 

t—i 

> 

_l 

CJ 

•— < 

2 

Cr 

< 

hH 

i — i 

a 

cn 

> 

a 

UJ 

a 

D 

LU 

fi 

< 

_j 

CJ 

< 

or 

2 

00 

LU 

< 

> 

< 

1— 

u 

Cr 

2 

_l 

K- 

< 

co 

z 

H 

\- 

2 

CO 

LT 

D 

2 

o; 

cc 

o 

_j 

a. 

< 

t—i 

o 

CO 

< 

< 

> 

1—1 

(- 

«S 

_l 

u 

-j 

\ 

< 

CO 

CJ 

2 

< 

< 

CO 

o 

h- 

o 

C3 

o 

CO 

Q 

o 

2 

I 

or 

o 

I 

_ 1 

< 

z 

> 

LU 

z 

o 

■»- 

Cl 

LU 

1— 1 

IjH 

cr 

< 

LL- 

CJ 

t— t 

LL 

2 

CO 

O 

2 

a 

CJ 

K 

13 

< 

< 

o 

_l 

CJ 

cr 

CO 

■ — 

z 

CJ 

z 

h- 

CO 

z 

h- 

< 

2 

<I 

a 

LU 

2 

t— i 

o 

2 

or 

C5 

CO 

> 

2 

< 

1— 

c 

o 

I— 1 

o 

Cj 

z 

_J 

_l 

CS 

D 

< 

CO 

O 

or 

o 

z 

X 

i—i 

LU 

o 

2 

— 1 

i— t 

o 

CJ 

CO 

LL 

z 

> 

o 

> 

Cr 

2 

LU 

_l 

_l 

z 

Z 

cr 

I 

00 

o 

cr 

o 

00 

I 

u 

< 

a 

> 

h- 

\- 

i—i 

< 

> 

o 

t-H 

2 

o 

t— 1 

Cr' 

UJ 

K 

< 

CJ 

UJ 

UJ 

►— ( 

o 

< 

h- 

LU 

i — i 

O 

t- 

LU 

t- 

> 

< 

Cr 

o 

CO 

13 

< 

t- 

z 

O 

h- 

LU 

CO 

Cj 

U 

z 

u 

u 

K 

u 

c_ 

i— i 

CJ 

_j 

(- 

u 

O 

h-< 

2 

LU 

_J 

LU 

X 

UJ 

I 

z 

o 

X 

o 

< 

CJ 

z 

Z 

H 

2 

LU 

(3 

o 

«d 

t-H 

UJ 

3 

o 

KH 

U 

z 

i— I 

3 

o 

U 

< 

Q 

> 

cl 

1- 

X 

> 

o 

LU 

1- 

t-H 

_J 

_l 

2 

CJ 

or 

or 

O 

z 

cr 

or 

CO 

UJ 

Ul 

Q 

> 

H- » 

t—i 

(-n- 

t—i 

_l 

2 

_j 

o 

_ I 

CL 

_l 

_j 

t— 1 

H 

I 

< 

or 

_l 

LU 

t— < 

< 

<i 

u 

LU 

CL 

_J 

a 

CO 

_J 

2 

LU 

_J 

1- 

> 

o 

X 

_1 

C 

h- 

_i 

I 

_J 

< 

CJ 

_j 

00 

< 

DO 

DO 

Z 

h- 

LU 

h- 

I 

_j 

_j 

CO 

_j 

o 

< 

_l 

O 

a 

_J 

< 

LU 

t- 

o 

LU 

CJ 

Z 

UJ 

(J- 

Ul 

LU 

o 

z 

LU 

Or 

a 

2- 

h- 

l-H 

CJ 

UJ 

Z 

\- 

O 

D 

UJ 

LU 

LU 

2 

O 

z 

ii 

O 

CJ 

LU 

or 

D 

o 

hH 

CJ 

LU 

o 

CJ 

C) 

o 

1—1 

o 

LU 

O 

Cr 

U 

Z 

a 

> 

z 

l-H 

CO 

CO 

> 

u_ 

I 

U 

D 

z 

K-< 

o 

o 

HH 

LU 

O 

o 

X 

Q 

> 

z 

o 

o 

t- 

> 

D 

O 

< 

Z 

QT 

Cr 

►— < 

o 

3 

>-^ 

o 

1- 

i—< 

HH 

ii 

<( 

£ 

> 

a 

or 

a 

CJ 

o 

h- 

CJ 

2 

CJ 

or 

o 

or 

z 

LU 

s 

1- 

LL 

o 

<! 

h- 

z 

cr 

□ 

H 

CJ 

1— 

> 

< 

Cl 

> 

UJ 

►— » 

o 

CJ 

or 

o 

Z 

t-H 

or 

Q. 

t-H 

1-H 

^1 

t- 

X 

^ 

< 

a 

z 

I 

cj 

z 

I 

CJ 

_J 

t-H 

CO 

< 

LJJ 

U 

LU 

cc 

HH 

<I 

< 

z 

o 

00 

1- 

2 

»-H 

o 

h- 

UJ 

z 

2 

LU 

< 

2 

Q 

2 

u 

a 

or 

.j 

o 

e; 

o 

Z 

2 

CO 

D 

00 

_l 

_l 

_l 

t- 

UJ 

or 

CJ 

< 

CC 

or 

_i 

Q 

H- ( 

»— • 

< 

CJ 

U 

H 

l— 1 

■c 

2 

Cl 

< 

O 

•=3 

LU 

o 

a 

t-H 

_J 

D 

< 

■3 

5- 

00 

z 

_l 

_J 

z 

< 

_i 

Z 

LL 

(— 

D 

a 

LL 

_J 

UJ 

LL. 

OO 

h- 

z 

< 

2 

> 

UJ 

Z 

> 

K 

> 

_J 

2 

I- 

CO 

i- 

LO 

CO 

2 

s; 

_l 

o 

UJ 

UJ 

UJ 

(11 

—1 

LL 

y~ 

_J 

CL 

CO 

o 

LU 

^ 

O 

Z 

_J 

OO 

D 

t- 

< 

_J 

o 

_l 

oo 

_J 

UJ 

_j 

< 

u 

CO 

i 

O 

LL. 

u 

Cr 

cn 

cj 

CJ 

z 

z 

LU 

CJ 

CO 

o 

Oi 

CJ 

LU 

LU 

LU 

O 

a 

2 

co 

1- 

< 

K 

o 

< 

< 

t—i 

or 

2 

LU 

< 

3 

O 

D 

I 

LU 

< 

h- 

CO 

CC 

< 

CO 

> 

O 

< 

D 

D 

00 

h- 

> 

HH 

O 

1—4 

C5 

2 

1 

o 

> 

C5 

LU 

u_ 

O 

O 

QT 

O 

i 

2 

o 

z 

_J 

y- 

cr 

cr 

a 

\ 

Ll 

UJ 

o 

CJ 

S 

o 

cr 

or 

O 

o 

Z 

o 

_J 

CJ 

a 

K 

O 

< 

1—1 

o 

o 

D 

_) 

CO 

CJ 

1— 1 

i* 

>-« 

< 

H- 

LU 

Z 

I 

< 

<3 

t- 

< 

^H 

Z 

CJ 

t- 

00 

X 

<3 

<; 

X 

K 

1— 

y- 

t— < 

H- 1 

l-H 

1 

h- 

i—i 

\- 

1— 

0- 

h- 

CL 

Z 

< 

l-H 

D 

_J 

2 

O 

CO 

O 

_i 

_l 

< 

CJ 

(- 

z 

o 

o 

I 

< 

H 

_J 

_l 

K 

O 

i— i 

o 

I 

2 

2 

-J 

LU 

O 

a 

_J 

a 

LU 

O 

•— i 

t-i 

_i 

_l 

O 

LU 

CO 

I 

or 

z 

h- 1 

D 

o 

_J 

z 

z 

< 

> 

cr 

I 

CJ 

_) 

LU 

o 

o 

LU 

I 

K 

I 

a 

LU 

O 

o 

>- 

I 

< 

z 

I 

2 

X 

or 

I 

t-H 

1 

CO 

CO 

z 

a 

< 

_j 

h- 

_J 

CO 

CO 

U- 

LU 

< 

:> 

z 
< 

a 

a 

Or. 

< 

a 

s 

CO 

CO 

2 

2 

o 

0. 

00 

Z 

a 

2 

CO 

V- 

CO 

CJ 

a 

cr 

z 

Cu 

UJ 

CL 

i- 

h- 

o 

z 

CO 

> 

H 

z 

o 

0. 

LU 

l-H 

»— i 

< 

< 

t-H 

O 

H 

1 

t— 1 

t 

oo 

1 

1 

i 

1 

i 

1 

1 

i 

2 

i 

i 

OO 

i 

u 

1 

i 

i 

I 

h- 

1 

i 

CJ 

1 

or 

1 

1 

i 

i 

1 

i 

t 

1 

i 

l 

h- 

1 

0T 

t-H 

s 

O 

LU 

z 

< 

o 

t— 1 

o 

< 

LU 

5 

o 

u 

or 

t-H 

or 

z 

or 

a 

o 

z 

I 

■q- 

< 

CO 

CJ 

cri 

o 

n 

CI' 

T 

T 

cn 

CT> 

ro 

^ 

O 

CTJ 

in 

in 

CO 

o 

■»- 

< 

•»- 

LU 

LO 

or 

■3- 

CO 

CO 

t-~ 

00 

LO 

T- 

o 

(jo 

r- 

o 

CN 

LU 

U 

O 

h- 

a> 

> 

O 

CD 

CN 

^r 

o 

<J 

^r 

CN 

o 

CN 

CN 

o 

r^ 

< 

"!f 

i 

CO 

00 

a 

■q- 

_l 

CO 

2 

CN 

o 

O 

00 

■y 

LT) 

a> 

in 

co 

*~ 

■q- 

-d- 

*J 

1/) 

cn 

o 

O 

r- 

in 

CN 

0 

CM 

T 

CD 

cn 

ro 

K 

ro 

O 

i- 

r~- 

_l 

01 

CM 

■^ 

"» 

or 

no 

o 

O 

< 

CD 

u 

0) 

■^T 

o 

CM 

CO 

cc 

CD 

CN 

in 

in 

_) 

■9 

or 

CC 

r- 

00 

cn 

IT' 

CJ 

CT> 

LO 

CI) 

CO 

0) 

LO 

z 

nj 

CD 

z 

ro 

o 

n 

LO 

*- 

*^- 

o 

CD 

z 

LT> 

CD 

CO 

o 

rf 

LT> 

CD 

r~ 

m 

t^ 

00 

oo 

< 

in 

< 

LU 

r- 

LU 

T- 

_J 

f- 

00 

T- 

t 

LO 

r- 

1> 

oo 

< 

(Xi 

00 

< 

O 

or 

O 

« 

CO 

co 

CJ 

oo 

LU 

CO 

I 

CO 

_i 

t~- 

0) 

CO 

00 

CO 

00 

*- 

y- 

t- 

i- 

u 

in 

_J 

CO 

cn 

z 

CD 

t— i 

a> 

a. 

O  O 

O  O  O 

o 

00 

T 

^r 

CO 

O 

o 

o  o 

T- 

•»- 

m 

CD 

t- 

rr 

LU 

o 

O 

a 

O 

o 

O 

T- 

r- 

■*- 

i- 

1-H 

O 

o 

CO 

n 

z 

CO 

CO 

CO 

ro 

■tf 

1 

TT 

^r 

1- 

<tf 

2 

CO 

CO 

Z 

t 

t- 

■^ 

^r 

•9 

■g- 

or 

CO 

3 

CO 

or 

CO 

1- 

<=r 

T 

\r 

*f 

t 

rj- 

■* 

n 

'3- 

t 

K 

^r 

00 

LU 

2 

2 

o 

2 

O 

2 

o 

2 

o 

2 

CJ 

Z 

LU 

Z 

o 

2 

a 
o 

0. 

o 

95 


LU 

o 
< 

a. 


> 
cj 

z 

LU 


2 

O 


ui 


< 

u  < 

l-H  I 

a  a 

I—  -J 

u  < 


a 

en 

z 

< 

CD 

o 

_J 

\ 

t— 1 

o 

-r- 

t- 

00 

w 

< 

cj 

1- 

Li- 

z 

00 

00 
a. 

LU 
> 

z 
o 
o 


or 


o 

00 


z 
o 

1/5 

< 


U  -J 

z  o 

M  I/) 

-  o 

z  z 

O  M 


_1 

LU  f- 

1-  <* 
r-» 

a  oo 

lu  r~- 

en  O 

<  f 
I 
0. 


o  cj 
cj  u 
<  < 


o  o 

>  > 

o  o 

■  I-  h- 

u  o  o 

Z  X  X 


LU 


O  --  O 

a  o  cm 

*-  ^r 

2  U>  ■* 

O   03  O 

h-   O  -r- 

a  *t  *t 

i 
a 


LU 

o 


o 

> 

o 

h- 

o 

X 
0- 

D 
LU 
M 

l-H 

LY 

< 

o 

CL 

D 
LU 

or 

LU 

> 
< 


o 

M 
<3 

or 

< 


I-  z 

<  l-H 

a  h- 

o 

a 

a    i 

o 

u 

CD 
o  CM 

i-i  •* 

O  O 

a  id 

<  O 

—i  ■*r 
a 

Q. 


o 

l-H 

a 

h- 
o 

UJ 

_J 

UJ 

o 


D 
< 
ly 

ly 

< 
_i 
o 
en 


00 

ly 

LU 
> 
Z 

o 
o 


< 
> 

_J 
<I 

C5 
O 

h- 

o 

X 

LL 


<    CO 


I  a 

u 

LY 

<  i 

LU 
00 

UJ  O 

CC  ID 
00 

UJ  CM 

-J  CM 

Q  O 

CY  ^J" 
Z> 

a 


I/) 

Z> 
V- 
«3 
LY 
<3 

a. 

G 
< 

o 
z 


LO 

> 

S 

l/l 

LU 

t- 

CY 

00 

UJ 

>- 

h 

00 

LY 

LU 

z 

> 

Cj 

Z 

*-t 

o 

to 

o 

00 

1 — 1 

> 

s 

o 

00 

LY 

z 

LU 

< 

z 

LY 

LU 

H 

LU 

LY 

> 

UJ 

< 

3 

3 

O 

O 

a 

Cr 

CJ 

UJ 

^~) 

> 

2 

< 

3 

O 

O 

(— 

LY 

CJ 

LY 

i — i 

< 

g 

_J 

D 

D 

00 

LU 

lu  Z 


00 


o  a  lu 

MHO 
I-     —I    < 

<   O   LI- 
LY  00   00 

O 

a 

LY     i       i 

o 
cj 


CO  "tf 

Z  cm  ai 

0  co  en 
uj  co  oo 

1  co  co 

t-  a>  cr> 

>  CO  CO 

< 

LY 


0O 

Z  Q    LU 

o  z  o 

M  <     M 

K  > 

O  2     LU 

Z  lu  D 

TI/1U 

O  >    tH 

LY  OO  < 


O 
> 
D 
h- 

O 
X 

a 


O  oo 

LY  D 

0-  h- 

S  < 

•->  LY 

< 

O  Q. 

z  a 

«  < 
> 

<  oo 
X  •- 

UJ  00 

LU    U  > 

O     W  — I 

l-H     >  O 

>    LU  I— 

UJ   Q  O   >- 

Q  X   CJ 

cj  a  Z 

U    i-H  LU 

h<o;h 

<  I—  UJ  cj 


_i  o 

o  > 

>  o 

O  h- 

I-  o 

O  X 

X  a 
a 

UJ 

a  o 

O  l-H 

(-  CD 

cj  a 

D  < 

o  a 
z 

o  z 

u  o 

l-H  CJ 


< 

a  > 

LY  < 

<  X 


X      <      l-H     l-H 

> 

< 

X 


D 

z  < 
o 

CJ  CJ 

LU  Z 

a  i-H 


<  u_ 

3  u. 


a  o 

O  l-H 

LL  \- 

a 

lu  a 

q  o 

O  oo 

Z  CO. 

<  < 


oo 

=> 
o 

X 
a 
LY 
O 

<  s: 


a    LU    LU    >    < 

<  u  cj  a  cj 


o  >  >  i-  a 

0O    LU  UJ  h-  CO 

Q  D  <  < 

LU  03 


2  CJ 
LU  Z 
OO    l-H 

> 
^   < 

I 
CM 

\  LU 
O    CJ 

h-   > 

LU 

UJ  D 

a 
>  o 

LL    O    -J    00    |-    l-H 


z 
o 

l-H    LU    CJ 
00  Z   i-H 

>      l-H     _l 


12    J  J  LU    LL 

<  LU  LU  h-    O 
LU    CJ  CJ  l-H 

a  _io 

<  a  a  _i  o 

J   <  <  ID   I 

CL    _l  _l  I-    I- 

JJO  O  <    LU 

LY    00  00  00   2 


a  x 
ly  o  o_ 
uj  >  a 

hJQ 
<   O  2 

3  a  < 


oooor^-'-OcomcD-'-'^O 
cococDOcocoLOOr^cDiD 
O'^r-^'-cocMLncMCM'T-^ 

TOCOOOOr~Oi*-OCJi"3-lO 

co^roocTicr>cncDi>OcMCM 

'^CncT>aiC7'CT>00"'-T_-,_ 
COCOCOCOCOCO^'g-^'*'^- 


a 
o 


oo  C 

<  a 
> 

l-H  I— 

a  cj 
< 

UJ  (- 

D  Z 

O 

a  cj 
o 

z 

LU  I 
00 

< 

-J  00 

_J  <tf 

i-H  rj- 

>  ^ 
CM 

UJ  00 

Z  CO 


LU 

Q 
O 
Z 

< 

a 
< 


Q 

_J 


I 
00 

Q 
Z 
< 

LU 

a 

o 
I 

< 

CJ 

a 

UJ 

a 

< 
i 
oo 

I 
o 

n 
o 

a 


0  a 

l-H  < 

i—  _j 

<  o 
a  oo 
o 

a 

a  i 
O 

CJ 

1  - 

CJ  t-~ 

a  o 

<  ■•- 

LU  LO 

00  CO 


a 


o 

< 

a 

Q 

< 
o 

00 


Z  lu 

o  a 

i-H  3 

I-  CO 

<  < 

a  lu 

o  s 
a 
a 

□  i 

CJ 

<  CD 

S  T- 

CJ  -^ 

i-H  LO 

00  t- 

o 

O  <fr 

X 

a 


oo 

_j 
< 


o 
a 

UJ 

I 


o 
o 
I 


CJ 

z 


O  oo 


<  < 

a  x 

o  a 

a  lu 

a  s 
o 

CJ  H 

z 


< 
z 
o 

< 

z 

LY 


CO  CD 

_j  oo  r- 

_i  rj-  co 

lu  in  r~ 

3CM- 

X.   ID  CD 

CJ   CO  CO 

o 
a 


oo 

I— 

< 

< 

a 
a 
< 


!£  i 

a 

LU 

3  CO 

'  CD 

<  oo 

l-  o 

Z  CD 

UJ  03 

3  CO 

o 
a 


z 

Z) 
LO 


(J 
a 

•    UJ 

O  Z 

Z    LU 

a 
oo  < 

LU    _J 

t-   CD 

<  00 

CJ 
O     i 

00 
00 

<  D 

03 
03    03 

a  co 

LU    i- 

o  o 
Z  ^r 
< 

00 


a 

LU 
> 
Z 

o 

CJ 

CJ 

a 


z  in 

O  CM 

CJ  03 

-i  o 

LU 
OO 


u 


96 


in 

co 

LU 

cj 

O 

a 
a 


< 


CD 

o 


< 

u 

< 

I 

a 

a 

h- 

_j 

LU 

u 

< 

s 

LU 

<I 

-J 

i 

CO 

LU 

i 

CO 

c 

Z 

h- 

■ — 

*— i 

00 

-i 

>- 

h- 

< 

a 

CO 


C3 


Q  LU 

o  u 

I 

h-  CJ 


z  o 
<  > 

o 

_J  _l  h- 
JJO 
LU  LU  X 
CJ    CJ    0- 


or  a 
<  < 


o  o 
1/1  I/) 


or  or 
<  < 


LU 


> 

<: 
a 

LU 

z 


Cx 
< 


o 
00 


-33a 

>  m  cd  2 

13DDO 
O  I-   (-   CJ 


I 
u 

LU    *J  CM  O 

■■-  CO  CM 

01  f-  00 

O  CM  "■- 

O    CT)  LO  00 

00   (Jl  O  O 

Z  ro  i  -<t 


or 


LO 


O 
> 

Cj 

I— 

Q   O 

LU     I 

)-  a. 
< 
or. 

O    i 
o. 
or 

o  <? 
cj  CM 
Z  ^ 

CM 

LO    ■g- 

LU 

LO 


CJ 

3 

Cj 
LO 


o 

CO 


CJ    LU 
LU    CJ 


lu  or 
o  < 


a  o 

O    LO 


LO 

3 

ca  r--  oo 
<■»-■»- 

X    O    LO 

CD    CD 

CL    LO    CN 

or.  en  O 
<  ro  n- 

I 
co 


O  D 

«  O 

I-  I 

<  h- 

or  lu 

o  s: 

0. 

or 

O    ' 
CJ 

Z  ^ 

«-.  ID 

cj  i- 

<  r~ 
or  cd 
or  O 
lu  ■>* 

LO 


< 
s 

Or 

O 
h- 
O 
3 
Q 
Z 

o 
(J 


CJ  LO 

Z  co 

l-H  LU 
CJ 

•  D 

_i  or 

<  a 

or 


2    CM 

O 

Z  *- 

O    CM 
CJ    CD 

->  o 

_J    T 
CO 


3 
0 


I 
Cr' 


Q 

CO 

D 
< 
O 

a 

DO 


O 
o. 

LO 


Z 

I 


U 
Z   3 

o  o 

M    Z 
LO    O 


CJ 


< 

or    i 

LU 

z 

LU    "tf 

C2  ro 

I      CM 

or  r- 

LU    TT 

Z  ro 

C/l 


Q    LU 

or  Q 

o   M 

cj  I 

CJ   0- 

<  _J 

3 

LU    LO 

O 

<  2 

2   3 

LO    S 
LU   D 

I-I  < 
Z  or  cj 

O    LU 
l-l   I—    < 


<  u_ 
CO  O 


or  lu 
<  o 


O  O  X 

LU    CO  CL 

Z  -J 

i-h  Q  3 

s:  z  co 

or  < 

lu  or 

t-    CO  LU 

LU    LU  CL 

O   i-i  LL 

lu  or  O 

or  lu  CJ 
a  h- 

h-  Lu 

<  <  o 

m 

u.  or 

O  or  lu 

<  >- 

U   —J  < 

t-t  O  -I 
H    LO 

CO  LU 

►H    IL.  X 

or  o  H 


i-  < 

< 

cj  o 

-i  Z 

Z  1-H 

3  > 

2  < 

□ 

CJ  or 

LU  LU 

—I  CJ 

LU  3 

I-  Q 
CO 

LU  Z 

D  < 

Or 


co  u_ 
HOW 
CJ  _1 

<  Z  -I 
I-  Din 
Z  i-i  cj 
O  H 

cj  <  or 

2  < 

_i  or  _i 

<  o  o 

UL.    1/1 

or  a  ll 

h  mo 
CJ  —i 

LU    _l    LU 

_j  o  or 
lu  or  3 

OZO 

z  o  < 

1-1    U    LL 

^  3 

<  LU    Z 

5   I  < 


or  co 

O  or  u.  _i 

u-  o  O  -I 

Lu  LU 

LO  CO  CJ 

CO    Q  CO 

LU   O  LU  or 

OIU< 

O  h-  O  -J 

or  lu  or  o 

o.  2:  o.  lo 


< 

CL 
CO 

o 

CI 


-j  or 
-I  o 

LU  h- 
i-i    < 

or  or 
l-  LU 
co  Z 
3  lu 
Q  C5 
Z 

m  or 
< 

LU    _J 

-J  o 

<    LO 


CJ 

or 

i- 
o 

LU 

_J 
LU 

o 

I- 
z 


z 

3 
CO 

co 
z 


CJ 


Z  i  i  i  i  i 

o 
z 

<  cd  cm  en  in  ro 

lo  co  r-~  cd  r- 

lu  rj  o  r^  CD  O 

t—  t~-  co  ^-  r-  co 

LU  CM  CD  00  00  CM 

>-l  ^T  r-  00  00  CD 

(j  co  ro  ro  ro  co 
o 

LO 


< 
or 

O 
a. 
or  w 
o  > 

CJ    LU 

O 
co 
CJ 


-  Z  CD 

O         >-  IT) 

—  q  r- 


LU    O 

CJ    ■* 

□ 
LO 


< 
CO 


cj 

< 

Z 

o 

CJ 

cj 
< 

UJ 


-J  u 

LU 

u  > 

C5 

>  or 

C3  lu 

or  Z 

LU  LU 

z 

lu  or 

< 

or  _i 

<  O 

_i  co 
O 

lo  or 

O 

Z  LL 

O 

CJ  _J 


CJ 
< 

i- 
z 
o 
o 

X. 

o 

< 

LU 


C5 

CL 


CJ 

< 

Lj_ 

Cl 
3 
CO 


3 
O 


CO 

CJ 

CL 


or  co 

<  s; 

_J  LU 

O  2 
CO 

LU 

2  LO 

-J  < 

i-h  QQ 


X 


O  3 


O 
LO 


<  co  a 
or 

o 

CL      I        I 

or 
O 
cj  r-  lo 

CD  o 
x  o  T 

LU    O   CD 

or  cd  lo 

<  CD    O 
_l   CO   <3- 

o 

co 


LU  O  LU 

LL    Z  l-i  Z 

0  <  I-  < 

cl  <  a. 

Q  CJ 

1  <  or  < 

I —    I  DO  — I 

LU    O  <  O 

2  CO  LL  CO 


oi  cd  oo  r- 

r-  co  -r-  o 

CO  T  T  CM 

co  r-  co  CD 

LO  LO  LO  -r- 

o  o  o  *- 

TT  "9  "tf  '"T 


z 


<  i 
or 
O 

o-  O 

or  O 

o  i- 

cj  O 

CD 

>  CD 

Z  CO 

o 

CO 


< 

or 
I- 
irt 

QJ 
3 
CO 

>■ 

o 


U_! 


CO 

> 
or 

CJ 


_i  or 

<  LU 

I  > 

h-  < 


3    LU 

-i  Z 

Q  i-i 
O   -J 

LO    _l 
< 

<    h- 
C/1 

Z  > 

o  or 

CJ 
Z 

o  z 

CJ  o 


M    < 

CO    K 

CO 

LL    >• 

O  or 

CJ 
or 

LU    LU 

>•    0. 

<  > 


<  2 

3 

O  i-i 

Z  -J 

l-H  _l 

rsi  < 

^  X 


<  2 

K  3 

CO  l-H 

>  Q 

or  o 

cj  co 


CM    LO 

o  »- 


o 

CO 


Cj 

o 

Or 


O 
CO 


CO 

<  LO 

_J  *- 

O  CD 

or  cd 

t-  co 

cj  •v 

LU  CO 

a 
co 


cj 


97 


< 
a 


z 

o 

1—1 

LO 

(- 

UJ 

o 

LO 

LU 

< 

3 

CD 

LL 

LU 

Q 

a 

LU 

1 

K 

t— 1 

U 

1- 

< 

z 

LU 

< 

CL 

=3 

LU 

h- 

I 

i— i 

h- 

CO 

Z 

LL 

»— i 

O 

D 

z 

Z 

o 

< 

LU 

X 
h- 

Q 

UJ 

> 

CL 
UJ 
Q 

CO 


CJ 

z 

3 


Z 

10 

O 

LU 

z 


13         CD 

a       z 

LU  i-i 


< 

cj 

< 

H-) 

I 

en 

a. 

V- 

_i 

o 

< 

LU 

^ 

r- 

o 

\ 

CL 

CM 

Cr 
3 
h- 
O 

<J 

LU 

3 

z 


D 

D 
I 


o 
z 
< 


u 

<  LO 

I—  LU 

Z  U 

O  i-i 

u  > 


a 

en 

< 

ID 

_j 

**s. 

o 

T- 

LO 

— - 

0 

Li- 

z 

or  a 

LU  O 

>  h- 

<  u 

3  3 

Q 

-J  Z 

<  O 
h-  CJ 


IS) 

a 


z 
o 
CJ 


o 

LU 

z 

LU 

a 

< 

o 

LO 


CD  X  LO 

LO  h- 

CD  i-i  CJ 

Z  3  W 

_d  a 

h  JH 

a  j  u 

LU  LU  LU 

3  CJ  3 

a  Lu 

lu  a  o 

>  <  i- 


Z  o 

LU    LO 


O 

00 

a  lo 

O  r- 

i-H    CN 

a  -v 


< 

D.     i       i 

Z 

LU    LO  CD 

y  co  co 

Z  O  oo 

3   CD  LO 

il  co  O 

LU    LD  CD 

_j  co  co 


Q 

LO  Z) 

_l  _J 

<  u 

-<  z 

CC  •-( 
LU 

I-  LO 

<  3 


a  u 
o 

I-   CL 

< 


CJ 

Q 

z 
o 

CJ  LY 

>-■  o 

LU  O 

LO  _} 

Q 

D  Z 

z  o 

3  a 

O  M 

Cl  S 

2  LU 

O  LO 

u 


O    LO 
LU    O 

X  u 


< 
cj 

I — 1 
CL 

UJ 


Q 
2 
< 

CO 


X 

o 


a 
o 
o 

CD 

z 

LO 

3 


o 

LO 


CO 

z 


Q  CD 

LU  2 

(—  1-1 

<  y 

LY  < 

o  s: 

CL 

or  or 

o  o 

CJ  LL. 

z 

o 

■  I 


z  s 


CD  h- 

Z    _J  CL 

>-H      _l  < 

sua 

or  u  lu 

o  or  a 

u-  or  o  x 

<  h-  LU 

U 1  CJ  Z 

O  O  3  y-< 

LO  Q 

D  Z  Z  CD 

O  Z  O  O  Z 

X  o  CJ  i-  -i 

hHH|/)h 

uj  i-  5  a  < 

S    CJ  LU  LU    CJ 

z  3  z  a; 

O  3  I  O  CO 

i-i   i-i  I—  CJ   < 


Ci 

a 
or 

h- 

CJ 

UJ 


LO 

LU  O 

Q  Z 

O  3 

or  O 

I-  or 

o  < 


D 

2 
3 
O 


a  o 
<  i— 
or  cj 


a  Z 
o 
or  a  cj 

<   Z 


UJ 


>- 

O  or 
or  o 


CJ  LU  LO  LO  O 

LO  CD  > 

or  or  lu  2  o 

<  <  CJ  i-i  h- 

_i  _i  o  (-  o 

o  o  or  <  I 

lo  lo  a  o  o. 


LO  CO  CO  CD  CD  CO  r- 

Z  LO  CD  T  LO  CN  ID 

>-i  t  i-  r-  co  co  co 

*-  CD  CD  00  *-  t- 

LO  -g-  CD  CD  CD  CM  O 

<  T  CD  CD  CD  O  i- 

X  CO  CO  CO  CO  -tf  f 


oo 

CD 

r-- 
0) 


X  > 
I-  < 
,-h  or 
3  or 
< 


LU    LU    LU 

CJ  CJ  o 


or  or  or 
<  <  < 


o  o  o 

LO    CO    LO 


CJ 

z 

h  03  h  -- 

CD  O  CN 

Z  LO  LO  r- 

O  O  CN  LO 

or  in  O  f» 

h  ■«■  in  in 

x  co  co  co 


z 
< 

Q. 


Or 
< 
_l 
O 

LO 

Q 

Z    LU 
O    CO 

►i  o 
I-  —I 

<   CJ 

or  Z 

O    LU 

a 
or  lo 

o   LO 

cj  < 

3  CD 


co 
a 

UJ 

> 

Z 
D 
CJ 

CJ 

a 

i— 

CJ 


z  □ 

O  I 

i-i  0. 
h- 
< 

or  i 
O 
o. 

or  cn 

O  *- 

cj  r- 

CD 

x  o 

LU  LO 

5  CO 


Q    S 

h-    LU 

3  K 

LO 
•    CO 

o 

CJ  o 

z 

U   i-i 
►-1    CO 

or  Z 


LU   3 
LO 
< 

or 

3     ' 

< 

CO 

i-i   CO 
X  i- 

CO   <sf 

o  i- 

>    h- 
>^    CO 

o 


LO 

<3 

a 

< 

Q 

a 

< 

z 
o 

lO 
Lt 
UJ 
> 

z 
o 

CJ 


CJ  > 

z  o 

(-h  CL 
LU 

•  z 

LO  LU 
LU 

lo  or 

1-1  < 

or  _i 

a  o 

CL  LO 


(-    CD 
U.    T 


3  CD 
LO   CN 


o 


X 

D 


< 

C5 

Z 

l-H 

z 

I— I 

< 
h- 
z 

o 

CJ 


CI 
CJ 


Q 

< 
Or- 
CI! 

a 

o 

CJ 

-J 

Q 

Z 

o 

CJ 


IS) 

Z     1-H 

o  co 


CO 

or 

UJ 

> 
Z 
D 
CJ 


>   X 
I-   3 


IS)  co 

a  lu 


o         i-i 


z  o 
3  a 


z  CJ 

O    LU 


CO 

O 

DO 


O 

CD 
LO  CO 
LU  LO 
LU  CN 
I-  LO 
LO    O 

3  «tf 

a 


UJ 

C5 
< 
3 

O 
h- 
L0 

CC 

o 

u 


h- 

a 

< 

Q 

CO 

s 

CO 

h- 

s 

LU 

3 

C5 

Ul 

or 

CO 

z 

I 

□  I 

>— 1 

V) 

1-  h- 

Q 

z 

U  i-i 

Z 

1 — 1 

a 

LU  3 

< 

< 

3 

Z  LU 

h- 

I 

Z  a 

CO 

LU 

3 

O  LU 

or 

a 

-J 

CJ  X 

D 

O 

K 

CO 

a 

a 

D 

z 

3 

UU  _) 

LU 

i 

o 

t-  3 

CO 

_j 

z 

<  LU 

_j 

hH 

CJ  CJ 

a 

o 

rj 

a 

<x 

a 

HH 

3  a 

_i 

D 

LU  < 

o 

C5 

l-H 

>-l   _J 

CO 

S 

z 

cp. 

LO  O 

UJ 

1— 1 

t-l 

LO 

o 

1— 

> 

a 

O 

z 

CO 

<s 

i 

Z  O 

I-I 

> 

I 

u 

-i  z 

M 

LO 

3 

a  < 

K^ 

LU 

UJ 

a 

_J 

z 

or 

LO 

<  - 

1— 1 

o 

3 

3  CO 

h- 

M 

1- 

- 

a  z 

3 

K 

U 

C5 

LU  < 

^ 

< 

3 

z 

>  LU 

a 

LU 

h- 

or 

1-H 

O  S 

O 

h- 

Z 

h- 

h- 

h- 

L0 

Ul 

CO 

CJ 

LU  K 

O 

>- 

i— t 

CV 

LU 

3  Z 

UJ 

LO 

Cl 

o 

3 

Or 

DO  LU 

h- 

O 

CO 

UJ 

LU 

i-i  2. 

UJ 

_J 

> 

z 

Z 

1 

X    > 

Q 

o 

z 

< 

UJ 

<r 

Lu 

LU  O 

or 

LU' 

a. 

CO 

a 

_J 

_l  _J 

LU 

K 

> 

a. 

>■ 

UJ 

lu  a 

Q 

Z 

l-H 

< 

z 

3 

UJ 

CO 

LU 

3 

O 

or 

o 

CO 

_J 

X  Q 

1— 

CJ 

D 

a 

H-* 

E 

OJ 

I 

1- 

»-H 

< 

\- 

LU 

< 

1- 

f-i  LU 

H 

LI 

> 

_i 

< 

CO 

> 

»-< 

3  CO 

h- 

o 

C5 

Q 

KH 

CO 

_i 

3 

3 

< 

or 

a 

CO 

o 

< 

o 

LO  |- 

< 

LU 

< 

a 

> 

3 

_l 

H 

I 

z 

UJ 

or 

-J 

UJ 

< 

LU 

3  CJ 

u_ 

O 

Ul 

3 

_J 

D 

a 

z 

LU  l-i 

< 

03 

CD 

UJ 

or 

< 

CJ  t- 

cr 

>- 

h- 

< 

Z 

CJ 

C5 

< 

a 

< 

o 

Or 

Z 

> 

i— i 

Z 

a  s 

UJ 

UJ 

< 

D 

h- 

a 

i— i 

or 

a 

<  3 

u 

h- 

>— i 

_i 

< 

< 

o 

< 

< 

_J  LU 

< 

h- 

o 

Cl 

h- 

_j 

_J 

_l 

_i 

O  Z 

a 

< 

< 

UJ 

O 

o 

o 

o 

o 

lo  a 

i/) 

CD 

q: 

D 

a 

CO 

Lu 

CO 

CO 

r--cNini>"3-<D  —  oooOoo 

■CDCDCDCOcncD-^cNOooLn 

cjincDr-ooincNCNOinOcj) 

ZCDr~COCOLOCNO0CNr~O00 

i-iinr-~CDcn'-co'^-cDr^cDCD 
■^■•^■•^■'xrinLoinincDcDcD 

3C0C0C0COC0C0COCOC0C0C0 

a 

i- 


98 


o 


LU 

z 

CJ 

D 

> 

a 

Q 

< 

o 

O 

-J 

D 

a 
a 

LU 

Z 

C3 

> 

o 

t- 

2 

l-H 

l-H 

2 

t-H 

h- 

h" 

< 

a 

O 

< 

^- 

LU 

r 

<3 

t- 

-J 

> 

Z 

o 

2 

3 

3 

c 

DC 

LU 

2 

_i 

O 

-2 

CO 

CJ 

LU 

_J 

>- 

< 

<i 

t — i 

a 

LO 

LU 

h- 

z 

_J 

t-H 

t- 

O 

z 

a 

LU 

1- 

--* 

Cu 

co 

0. 

< 

h- 

< 

> 

< 

h- 

2 

< 

LU 

t-H 

CJ 

a 

Q 

t-H 

a 

Z 

LU 

h- 

D 

LU 

H 

2 

1- 

o 

in 

_i 

< 

«a 

_l 

< 

CJ 

_j 

o 

10 

< 

2 

i£ 

-J 

a 

LU 

< 

— 

< 

l-H 

Ci 

< 

_J 

h- 

CO 

i— 

> 

a 

LU 

(- 

CJ 

a 

LU 

_J 

o 

-J 

UJ 

03 

C5 

_l 

1- 

LU 

> 

CO 

Ul 

_1 

LU 

a 

_l 

s 

a 

z 

LU 

LL. 

h- 

t-H 

< 

a 

> 

U 

u 

a 

UJ 

LU 

t-H 

Z 

< 

< 

H 

-J 

< 

t — i 

3 

U 

> 

z 

1- 

< 

a 

2 

t-< 

LU 

_i 

LU 

Z 

a 

_i 

00 

LU 

LO 

0. 

u 

LU 

CJ 

2 

a 

a 

LU 

_i 

o 

CO 

5 

CJ 

LU 

> 

< 
_i 

< 
a 

_J 

< 

_l 

-J 

-J 

Q 

u 

t-H 

LU 

< 

1— 

_l 

_i 

3 

a 

00 

o 

co 

a 

_i 

< 

Z 

< 

z 

LO 

LU' 

Di 

_J 

LU 

< 

t-H 

CO 

LLl 

3 

LU 

o 

< 

< 

a 

< 

o 

_J 

UJ 

UJ 

CJ 

D 

>- 

_J 

_J 

1- 

j 

CJ 

t-H 

I 

CO 

CJ 

CO 

h- 

o 

> 

CJ 

u. 

LU 

CJ 

< 

2 

O 

2 

2 

o. 

a 

a 

_J 

Ql 

LU 

C) 

u 

2 

a 

o 

S 

a 

l-H 

Q 

a 

O 

M 

O 

h- 

_i 

LU 

a 

o 

CO 

h- 

I 

2 

O 

a 

<j 

LU 

a 

< 

H 

O 

a 

1— 

CJ 

<i 

z 

LU 

Lu' 

< 

CO 

a 

U 

< 

_i 

a 

z 

2 

LU 

2 

l-H 

2 

D 

LU 

< 

M 

z 

H 

h- 

_J 

LU 

_j 

o 

UJ 

D 

LU 

K 

LU 

O 

_l 

<i 

Ll 

o 

_l 

i 

Cl 

t-H 

< 

< 

CO 

_J 

LU 

CJ 

> 

o 

CO 

U) 

t-H 

< 

O 

CJ 

t-H 

UJ 

LU 

, 

LU 

_J 

cu 

a 

o 

UJ 

u 

2 

< 

or 

CO 

LU 

a 
o 

CO 
CO 

a 
< 

2 

< 

a 

LU 

to 

2 

CO 

2 

Q 

Z 

o 

_] 

LG 

z 

co 

Cj 

LU 

_J 

CO 

LU 

Z 

o 

CO 

t-H 

_j 

O 

LO 

c 

2 

*— i 

< 

o 

h- 

CO 

UJ 

< 

< 

h- 

l-H 
CO 

CO 

3 

2 
< 

h- 

< 

< 

o 

_l 

z 

UJ 

o 

l-H 

z 

03 
< 

2 
CO 

CO 

z 

D 

a 
< 

O 

> 
< 

LLI 

2 

00 

> 

f- 

> 

CO 

> 

3 

CO 

_l 

2 

_l 

o 

(- 

LLI 

1- 

LU 

2 

1- 

Z 

X 

h- 

X 

CO 

CO 

\ 

O 

< 

LU 

D 

D 

2 

o 

—1 

CJ 

CO 

>- 

< 

CJ 

CJ 

< 

u 

O 

o 

CO 

a 

CN 

_i 

2 

a 

LU 

h- 

Q 

CO 

i — i 

Cj 

•a 

z 

■T 

a 

CJ 

a 

t-H 

3 

< 

_1 

2 

< 

UJ 

T~ 

CL 

h-t 

a 

o 

l/l 

i— i 

UJ 

_D 

LU 

a 

U 

-D 

LU 

< 

> 

a 

h- 

< 

Q 

CO 

>- 

i- 

_i 

i-^ 

_l 

2 

LU 

t 

< 

t-H 

O 

I 

OS 

O 

2 

<j 

t— t 

"D 

h- 

C5 

LU 

K 

Z 

CJ 

a 

2 

LU 

1- 

O 

UJ 

1 

□ 

> 

CO 

> 

a 

2 

h- 

LU 

<J 

UJ 

_i 

:s 

l-H 

co 

S 

a 

z 

D 

_l 

o 

t-H 

UJ 

O 

CJ 

O 

CO 

< 

a 

LU 

i 

Di 

l-H 

a 

D 

o 

LU 

t- 

>- 

CO 

3 

LU 

UJ 

t-H 

O 

o 

h- 

h- 

O 

LU 

-J 

a 

a 

COO 

C3 

CL 

< 

2 

D 

3 

LU 

> 

Di 

I 

a 

CO 

I 

_l 

CO 

LU 

t— t 

z 

_1 

> 

1— t 

3 

H 

a 

2 

_l 

UJ 

< 

CD 

2 

Cs. 

< 

O 

I 

CD 

Di 

_J 

y- 

< 

u 

D 

CJ 

_l 

UJ 

LU 

o 

o 

s; 

< 

<t 

_i 

< 

2 

LU 

> 

_i 

\ 

>-h 

< 

Q 

DC 

_J 

1— 

< 

_i 

2 

I 

G 

o 

5 

z 

CO 

»-H 

_l 

I 

UO 

1— 

LU 

Z 

QJ 

<t 

_i 

O 

CJ 

O 

o 

■*- 

N 

O 

_J 

O 

Qi 

Q 

CO 

UJ 

< 

LU 

a 

D 

_i 

> 

< 

U- 

K 

a 

o 

LO 

O 

o 

O 

CJ 

CJ 

co 

*~ 

l-H 

U 

U- 

_J 

1- 

I 

O 

LU 

o 

LLi 

> 

2 

i- 

_l 

s 

t— t 

_i 

LU 

a 

O 

o 

a 

< 

I 

a 

a 

t— < 

oo 

a 

a 

CO 

a 

< 

UJ 

CJ 

1— 

Z 

y- 

>■ 

o 

< 

LU 

o 

< 

LU 

LO 

UJ 

D 

^ 

l~ 

O 

a 

z 

LU 

O 

D 

LU 

< 

I 

u_ 

Z 

•— ■ 

_J 

>- 

O 

3 

►-* 

2 

iL 

u 

< 

a 

D 

UJ 

CJ 

1— 

a 

CJ 

u 

1— 

O 

u 

t- 

C3 

o 

< 

U- 

h- 

< 

y- 

_j 

1- 

O 

t— i 

C5 

O 

< 

D 

3 

D 

LU 

1- 

LU 

< 

a 

a 

_J 

t-H 

to 

LU 

U 

tH 

z 

a 

LU 

u 

2 

< 

u 

<J 

z 

O 

l-H 

K 

l-H 

CO 

a 

a 

Z 

Z 

CO 

h- 

O 

_J 

C5 

< 

<3 

UJ 

h- 

>- 

> 

a 

t—t 

1— 

UJ 

U- 

_1 

UJ 

l-H 

t-H 

_l 

00 

LU 

CO 

t— t 

CO 

3 

2 

Z 

Ct 

Q 

< 

o 

CO 

< 

LU 

o 

Di 

□ 

2 

I 

a 

CO 

2 

< 

S 

CJ 

:s 

_l 

^ 

> 

u_ 

_J 

< 

3 

-J 

2 

> 

O 

LU 

a 

< 

_j 

o 

_J 

Di 

I 

O 

CO 

t-H 

_i 

LU 

LU 

o 

_i 

<t 

LU 

i— 

co 

D 

_i 

< 

O 

t-H 

z 

1- 

LU 

t-H 

i 

u_ 

-J  < 

t— i 

t- 

Cj 

<i 

O 

t— t 

_j 

z 

CO 

D_ 

CJ 

LU 

Q 

_i 

2 

> 

> 

2 

CJ 

o 

a 

(- 

a 

CO 

CJ 

O 

I 

CO 

o 

< 

CJ 

h- 

O 

X 

-J  Di 

co 

< 

z 

—i 

DC 

CO 

:> 

LU 

t— I 

>- 

LU 

CO 

C3 

Z) 

LU 

O 

^^ 

>- 

o 

CO 

LU 

D 

< 

o 

a 

> 

t— t 

a 

o 

3 

t-H 

t-H 

UJ  DC 

a 

Cl 

< 

-j 

<J 

LU 

u 

< 

< 

D 

Di 

2 

_J 

o 

>— i 

H 

-1 

S 

t-H 

2 

CJ 

LU 

a 

_l 

Di 

Di 

_l 

LU 

(- 

< 

2 

Q 

3 

2 

a 

CJ    < 

LU 

2 

_J 

Q 

CO 

1- 

o: 

a 

t-H 

--H 

CJ 

t- 

< 

LU 

a 

l/J 

o 

CO 

UJ 

< 

> 

O 

00 

Z 

< 

a 

t-H 

O 

O 

I- 

> 

o 

u 

Z 

D 

a 

Di 

M 

a. 

CO 

LU 

< 

^ 

2 

Di 

CJ 

Ll 

z 

< 

Di 

t— t 

o 

CJ 

o 

D 

t- 

_l 

o 

1— 

s 

*-H 

z 

a 

Y 

a 

>- 

t-H 

< 

a  a 

z 

LU 

2 

< 

CO 

<l 

cj 

< 

Di 

< 

< 

INI 

<I 

t-H 

< 

2 

UJ 

z 

LU 

h- 

s 

t-H 

LU 

< 

o 

a 

CJ 

LU 

_J 

< 

< 

Q 

a 

h- 

2 

<  < 

o 

z 

t— i 

> 

>- 

I 

►— 1 

Z 

_l 

CD 

f— t 

5 

_J 

D 

2 

< 

> 

< 

a 

1- 

- 

LU 

CO 

LU 

LU 

CO 

_l 

E 

LU 

CJ 

_i  _i 

o 

co 

\- 

LU 

UJ 

< 

<i 

< 

O 

O 

_j 

t- 

1— 

< 

_J 

o 

"D 

a 

UJ 

I 

< 

2 

t-H 

LU 

1- 

z 

< 

I 

2 

_l 

CO 

< 

< 

o 

Di 

1- 

LU 

_i 

o  o 

1— 1 

O 

_J 

_I 

Cr 

Q 

2 

K 

►— * 

CO 

I- 

_i 

Z 

t—< 

CJ 

U- 

_J 

CO 

lu 

O 

CJ 

CJ 

O 

Q 

O 

CJ 

< 

u 

_i 

UJ 

_J 

< 

1— 

CJ 

2 

Ll 

O 

\- 

2 

_i. 

,CO   CO 

1- 

00 

LU 

co 

m 

a 

a 

O 

_J 

h- 

< 

LU 

LU 

CO 

t-H 

O 

UJ 

_J 

h 

LU 

t-H 

CJ 

< 

t-H 

LU 

_l 

l-H 

C3 

_i 

o 

CO 

l-H 

< 

□ 

U- 

< 

2 

LU 

<_> 

CO 

a 

<i 

<I 

< 

<. 

l-H 

O 

< 

Z 

LU 

u 

s 

2 

Di 

O 

2 

< 

LU 

Di 

D 

a 

a 

>c 

_l 

a 

a 

2 

LU 

1- 

a 

a 

>- 

a 

LU 

O 

CJ 

Z  a 

LU 

< 

UJ 

> 

> 

1— 

> 

DC 

o 

Di 

Z 

LU 

LU 

Cj 

O 

O 

S 

i 

Z 

LU 

> 

o 

UJ 

^ 

LU 

t-H 

I 

2 

< 

a 

LU 

a 

Q 

Cj 

CJ 

O   3 

a 

1 

o 

o 

Q 

a 

< 

o 

O 

u 

C5 

Di 

Di 

CO 

^r 

O 

a 

CJ 

t— t 

o 

o 

< 

^ 

C5 

a 

O 

l-H 

2 

CJ 

CO 

<s 

DC 

_! 

o 

2 

o 

O 

o 

a 

a 

a 

U     i 

i— i 

U- 

_l 

_J 

< 

< 

l-H 

h- 

D. 

»— i 

< 

LU 

l 

< 

X 

<i 

t — i 

K 

t— < 

H 

< 

a 

< 

2 

a 

< 

3 

t-H 

<3 

3 

> 

< 

X 

I 

I 

<i 

LU 

<i 

t-t  _| 

O 

_i 

a 

Cl 

_J 

_i 

D 

o 

a 

_J 

Lu 

_l 

> 

LU 

h- 

_i 

_l 

a 

Q 

O 

00 

UJ 

_i 

t-H 

a 

Z 

D 

< 

D 

-J 

Q 

_i 

i— 

h- 

1- 

.j 

h- 

_j 

_l  _J 

Lu 

Lu 

LU 

O 

o 

< 

I 

o 

»— 1 

o 

O 

o 

> 

Lu 

LU 

O 

t— t 

LU 

< 

I 

t-H 

U- 

2 

o 

I 

UJ 

o 

Lu 

LU 

LU 

< 

o 

O 

□ 

LL 

UJ 

LU 

LU 

o 

z 

o 

-i  o 

i 

CO 

a 

Cj 

CO 

CO 

a 

CL 

u 

CO 

O 

CO 

o 

D 

O 

S 

CO 

CO 

> 

a 

a 

a 

O 

LU 

CO 

H 

U- 

"-• 

O 

a 

CO 

Qi 

CO 

5 

a 

o 

2 

2 

2 

to 

M 

CO 

CO   DC 

> 

LU 

CO 

CO 

CO 

CO 

LO 

o 

1 

i 

l 

l 

1 

i 

1 

D 

i 

D 

1 

cu 

i 

LU 

1 

i 

1 

1 

i 

i 

i 

LU 

1 

i 

i 

i 

1 

LU 

i 

1 

I 

1 

I 

t 

LU 

i 

1 

1 

i 

1 

1 

l       1 

a 

1— 1 

O 

1— 

K 

h- 

(- 

t— 

UJ 

CD 

z 

< 

< 

< 

< 

< 

z 

0> 

r- 

"T- 

ID 

T} 

ro 

•     T- 

DC 

o 

HH 

in 

l— 

o 

(- 

o 

r-~ 

r^ 

ro 

IT) 

oo 

CD 

1- 

ro 

O 

LT) 

LO 

f~ 

1- 

O 

O  oo 

oo 

0> 

CO 

t- 

ro 

LO 

r-- 

ID 

1- 

oo 

CO  oo 

LU 

ri 

r-» 

oo 

CM 

C  J 

O 

U   LO 

< 

*~ 

^ 

03 

CO 

r- 

CO 

rj 

O 

T 

in 

*- 

CM 

r- 

co 

C> 

■r- 

O 

UJ 

1- 

co 

en 

*J 

(!■ 

■t- 

M- 

CD 

co 

CD 

00 

CM 

t^ 

00 

CT» 

00    LO 

u 

o 

rr 

T 

^r 

en 

T- 

2  00 

U 

■^ 

ID 

T 

■»- 

o 

CD 

en 

OJ 

CM 

in 

00 

in 

LO 

^r 

r~ 

■3- 

r^- 

^r 

LO 

CN 

'tf 

OM 

00 

10 

CD 

00 

•r- 

cd  r- 

a 

Z 

CO 

r^ 

r~- 

ro 

r^ 

LO 

m   CD 

•^J 

Q 

Is- 

Q 

LO 

o 

oo 

o 

o 

O 

ro 

0 

LP 

o 

*- 

en 

o 

■^ 

CD 

Q 

CD 

T- 

OJ 

CTI 

00 

00 

o 

CD 

f 

r~ 

CD 

00 

CD 

CM    00 

< 

^J 

a 

T* 

*™ 

ro 

ro 

CN 

O 

z 

CM 

UJ 

(M 

LU 

O 

LU 

ro 

ro 

CN 

en 

r- 

t"- 

00 

LU 

LO 

OJ 

o 

LO 

■r- 

LU 

00 

00 

O 

CM 

t- 

CM 

LU 

OO 

CO 

00 

•rr 

LO 

CD 

r-  r~ 

_i 

r- 

Oj 

oo 

03 

Oj 

00 

-  *- 

o 

■»- 

1- 

CD 

t- 

-<- 

h- 

■q- 

LO 

CD 

ID 

00 

00 

CTJ 

1— 

h- 

en 

o 

o 

T- 

H 

CTi 

en 

O 

O 

T- 

r- 

1- 

M- 

•vT 

^r 

"!» 

<a 

<* 

t  -a- 

o 

3 

ro 

CO 

ro 

oo 

ro 

CO 

LU    T}- 

t-H 

"C 

*— i 

CO 

>—* 

f 

t— t 

oo 

ro 

Cj 

ro 

Cj 

CO 

ro 

l-H 

CO 

oo 

n 

^r 

'^• 

t—t 

ro 

ro 

«9 

M 

-3" 

T 

t— i 

00 

ro 

ro 

ro 

ro 

CO 

CO   CO 

CO 

O 

z 

3 

Z 
3 

Z 

Z 

Z 

Z 
3 

z 

3 

< 
a 


99 


< 

co 


3 

3 
3 
O 


LU 

3 


o 
or 


CJ 

or 

D 

z 

a 

a 

CO 

3 

D 

3 

o 

Li. 

UJ 

Cl 

o 

Z 

2 

Cl 

n 

UJ 

^-> 

C5 

o 

_J 

h- 

a 

z 

H 

> 

o 

_J 

to 

LU 

t-H 

Z 

< 

X 

CO 

< 

>- 

3 

_J 

< 

or 

I— 

LU 

f- 

to 

2 

< 

1- 

or 

LU 

K 

co 

t— 4 

LU 

_) 

< 

2 

<l 

> 

> 

t- 

z 

z 

_J 

Or 

or 

or 

2 

o 

z 

CO 

or 

LU 

h- 

CJ 

LU 

to 

O 

t-l 

< 

LU 

<i 

X 

to 

>- 

h- 

H 

3 

H 

or 

-j 

(- 

03 

3 

h- 

Z 

^ 

_J 

< 

_J 

O 

D 

CJ 

< 

LU 

> 

_l 

Z 

«3 

D 

m 

CJ 

to 

a 

OJ 

2 

> 

a 

o 

1— 

LU 

i~h 

2 

Z 

z 

~\ 

LU 

1- 

Or 

2 

V— 1 

O 

co 

or 

< 

< 

< 

H 

or 

2 

_J 

_J 

_J 

hH 

LU 

t-H 

o 

2 

UJ 

UJ 

to 

o 

O 

_J 

UJ 

-J 

3 

2 

h- 

o 

or 

o 

X 

CO 

or 

a 

> 

o 

u. 

i-+ 

Ul 

LU 

►— i 

LU 

CO 

a 

< 

CJ 

h- 

in 

< 

O 

U- 

3 

or 

CJ 

_j 

LA) 

< 

LU 

3 

_J 

_J 
UJ 

3 

a 
i- 

_J 

_l 

CO 

o 

o 

< 

I 

^ 

CJ 

LU 

3 

_j 

LLI 

S 

S 

a 

_) 

Z 

a 

3 

< 

LU 

to 

z 

O 

2 

C5 

to 

< 

z 

O 

LU 

H 

to 

o 

< 

< 

UJ 

LO 

to 

< 

LU 

u 

< 

3 

3 

z 

D 

LU 

UJ 

LU 

u_ 

LU 

_J 

3 

< 

U) 

h- 

to 

>- 

_i 

3 

_l 

LU 

_j 

_l 

(-4 

I   2 

(— l 

z 

z 

LU 

O 

1— 

I— 

LU 

O 

3 

Oj 

3 

3 

or 

< 

3 

3 

_l 

a 

3 

LU 

or 

0.   Q 

> 

t— » 

o 

1- 

Or 

< 

to 

1— 

O 

Z 

_l 

z 

Cl 

t- 

3 

< 

C5 

Ul 

or 

to 

H 

LU 

Ll_ 

CO 

t- 

—1   < 

LU 

3 

3 

Z 

X 

_l 

>- 

< 

>—i 

< 

<J 

o 

< 

m 

O 

Z 

1— 

a 

3 

3 

o 

o 

< 

D 

to 

or 

1— » 

<I 

h- 

a 

in 

CJ 

o 

2 

E 

-J 

CD 

O 

> 

t-H 

LU 

< 

h- 

X 

LU 

LU 

1— 

LU 

LU 

LY 

< 

_J 

hH 

or 

to 

O 

3 

s 

CD 

3 

2 

u 

a 

a 

_J 

3 

_J 

i     3 

a 

o 

X 

f-t 

UJ 

to 

a 

_i 

_l 

h 

>- 

LL. 

LU 

_J 

to 

to 

3 

O 

a 

< 

< 

0.3 

>—i 

> 

LU 

< 

o 

DT 

CJ 

to 

3 

_j 

z 

_j 

»— . 

Z 

< 

a 

I 

_J 

_j 

CO 

a 

_J 

< 

Q 

UJ 

_i 

<3 

Z 

3 

i    a. 

i- 

or 

< 

_j 

►-i 

LU 

LO 

to 

_D 

or 

t- 

LU 

Cj 

UJ 

_i 

3 

o 

3 

_j 

3 

3 

3 

a 

LU 

0. 

O 

CO 

o 

V-4 

> 

< 

0. 

LU 

h- 

o 

o 

LU 

X 

or 

D 

o 

LU 

h- 

LU 

LU 

or 

3 

3 

LU 

►-H 

LO 

Ul 

to 

Ul 

h- 

oo  a 

3 
a 

2 

or 

LU 

o 

to 

CJ 

H 

or 

or 

O 

< 

to 

or 

LU 

< 

O 
X 

or 

< 

a 

O 
LU 

I 

3 

z 
< 

Q. 

3 

or 

3 

cn 

3 

< 

to 

X 

a 

z 

Ul 

a 
< 

z 

UJ 

> 

r»  2 

z 

LU 

1- 

1- 

or 

or 

2 

< 

DQ 

or 

LO 

t- 

_J 

\- 

-i 

< 

> 

a 

or 

a 

Q 

3 

1- 

3 

0. 

_j 

3 

3 

LO 

o 

\  < 

o 

CJ 

(- 

O 

< 

CO 

_i 

y- 

•d 

or 

-» 

LU 

o 

_i 

o 

<j 

< 

O 

Z 

< 

Z 

uo 

_j 

3 

3 

2 

or 

a 

CM 

u 

<r 

< 

to 

(— 

_J 

Z 

O 

X 

to 

LU 

LU 

2 

to 

o 

CJ 

or 

_l 

>- 

Li. 

►—I 

_J 

[—4 

UJ 

t/> 

^H 

a 

3 

< 

LU 

T-      (/) 

H-t 

ll. 

DO 

to 

< 

o 

< 

to 

1- 

03 

to 

> 

CJ 

to 

O 

O 

3 

M 

1) 

a 

a 

3 

_l 

3 

>— 1 

3 

z 

u 

2 

or 

< 

Or 

LO 

or 

o 

hH 

Z> 

_J 

Z 

a 

o 

CJ 

cn 

a 

O 

►-H 

2 

3 

CO 

2 

M 

u 

-J 

3 

LU 

1     l-H 

LU 

3 

LU 

_j 

LU 

h- 

O 

H- 

3 

to 

_l 

o 

or 

z 

z 

LU 

H-H 

h- 

LU 

o 

J 

►— < 

3 

u_ 

or 

3 

to 

3 

to 

1— 

to 

to 

D 

o 

Z 

o 

X 

Lu 

UJ 

o 

< 

< 

t— ( 

z 

(- 

to 

O 

z 

I 

1—4 

LO 

CO 

to 

< 

»— t 

S 

< 

Dl 

cd  n 

O 

LU 

UJ 

1— 

1— 

< 

-J 

z 

CJ 

_J 

03 

hH 

to 

O 

LU 

LU 

1- 

h- 

LU 

a 

_i 

3 

2 

U 

Ul 

3 

LL. 

< 

CD  < 

z 

Q 

OT 

or 

CD 

o 

X 

>- 

LU 

Or 

_1 

o 

>- 

O 

to 

or 

3 

< 

U 

h- 

UJ 

3 

> 

_J 

3 

3 

3 

3 

3 

h- 

o 

_l 

\  2 

o 

Z 

\- 

LU 

< 

C5 

< 

£ 

O 

LU 

o 

or 

C5 

CO 

3 

o 

_J 

3 

t 

< 

or 

S 

< 

UJ 

1- 

LU 

CO 

< 

m 

3 

o 

■•-  O 

CJ 

o 

CJ 

> 

CJ 

2 

l-H 

or 

LU 

CJ 

*— i 

< 

to 

a 

E 

_l 

to 

< 

0. 

3 

_J 

< 

_J 

or 

or 

1— 

^-< 

3 

3 

3 

>- 

»— i 

or 

to 

w    0T 

t— 1 

CJ 

LU 

O 

t— < 

< 

_l 

or 

(— 

CJ 

_l 

_j 

> 

LU 

z 

LU 

LU 

03 

h- 

00 

O 

3 

_J 

UJ 

D 

LU 

or 

z 

u 

Z 

a-) 

h- 

UJ 

3    LU 

_l 

LU 

_l 

CJ 

2 

or 

Q 

< 

to 

< 

or 

1— ( 

o 

< 

2 

CD 

1- 

U 

< 

CO 

z 

- 

_J 

LO 

O 

Z 

Z 

_J 

< 

< 

3 

a 

3 

3 

t—4 

3 

K 

LL 

2  < 

►H 

to 

LU 

O 

(- 

X 

LU 

a 

o 

t/) 

CO 

a 

LU 

CJ 

LO 

>- 

or 

a 

Q_ 

CO 

< 

< 

-J 

2 

< 

Z 

K 

3 

LU 

a 

O 

»— < 

to 

< 

t— ( 

U 

Z 

1- 

_j 

1- 

CO 

_J 

or 

*— 1 

>- 

or 

>- 

or 

LU 

LU 

C5 

< 

a 

3 

3 

a 

_j 

3 

•—4 

z 

Z 

h- 

LU 

h-  _l 

LU 

C5 

o 

h- 

LU 

O 

HH 

to 

_i 

o 

z 

D 

< 

LU 

_l 

LO 

< 

3 

CJ 

l- 

h- 

Z 

or 

U 

C5 

or 

_l 

LY 

3 

3 

3 

3 

Z 

or 

3 

l-H 

3 

> 

Z 

2  < 

h- 

_J 

z 

LY 

3 

< 

_J 

HH 

3 

LU 

LU 

>- 

LU 

to 

o 

LU 

> 

*— ( 

3 

LU 

>- 

1- 

>- 

< 

t-H 

o 

z 

z 

or 

o 

_J 

h- 

LU 

u 

2 

LO 

i— i 

3 

3 

Mr: 

LU 

z 

O 

LU    2 

z 

n 

I— 1 

*— . 

Z 

CJ 

LU 

h~ 

CJ 

CJ 

—1 

CJ 

h- 

_i 

< 

CO 

or 

O 

> 

3 

< 

_i 

o 

l\l 

1- 

LU 

1— ' 

UJ 

i- 

LU 

Z 

3 

< 

_l 

*- 

2 

3 

3 

HH 

I-  o 

< 

o 

3 

I 

►— 1 

H-t 

O 

< 

CO 

H-. 

03 

z 

CJ 

to 

< 

_j 

3 

UJ 

to 

^ 

O 

a 

OJ 

u 

M 

o 

u 

3 

3 

3 

3 

Q 

U- 

3 

3 

< 

LU 

2 

3 

CO 

<     t-H 

H 

a 

3 

1- 

I 

or 

2 

KH 

_l 

or 

or 

s 

< 

z 

1— 

Z 

LU 

(3 

3 

1— 

0. 

2l 

3 

LU 

C3 

D 

CJ 

LU 

>- 

3 

or 

3 

or 

3 

Z 

>- 

< 

a 

a 

3 

3 

or 

D-   h- 

to 

2 

_J 

CJ 

CD 

or 

Q 

LU 

H 

< 

LU 

s 

f— 1 

u 

►-H 

O 

CJ 

z 

O 

z 

CJ 

D 

UJ 

LU 

h- 1 

3 

z 

a 

Cl 

3 

or 

> 

< 

X 

CO 

•-^ 

< 

U_ 

<r 

i— 

i— j 

KH 

> 

LU 

< 

HH 

03 

CJ 

Q 

< 

< 

LU 

< 

Z 

< 

_J 

to 

Or 

1— 

< 

2 

l-H 

HH 

0. 

o 

UJ 

U- 

•— ( 

CO 

Q 

t- 

_J 

M 

o 

3 

< 

< 

LU 

3 

1— 

h- 

> 

X 

or 

3 

Z 

Z 

H 

3 

> 

3   2 

to 

3 

z 

Z 

K 

LL. 

X 

or 

< 

2 

O 

CO 

D 

< 

H 

3 

Or 

1- 

^ 

CJ 

_J 

O 

Or 

CO 

l-H 

3 

D 

^ 

Cr 

Or 

O 

_j 

z 

3 

D 

U) 

< 

< 

to 

a 

Z 

< 

or 

LU 

< 

2 

2 

LU 

LU 

to 

or 

1—1 

< 

H 

1— 

a 

to 

< 

Li. 

o 

z 

_J 

< 

LU 

< 

> 

*-H 

LU 

O 

< 

or 

O 

< 

CL 

< 

3 

3 

or 

CO 

2 

_J 

a 

< 

< 

3 

< 

3 

a 

LU 

O 

2      - 

DT 

a 

< 

_J 

U- 

UJ 

or 

u 

o 

_i 

_J 

Z 

2 

C5 

3 

CO 

z 

V- 

Ct 

5 

_J 

00 

< 

3 

a 

3 

2 

a 

_j 

a 

3 

*— i 

CJ 

3   < 

_J 

h- 

_l 

or 

LU 

_l 

Q 

D 

_i 

1— 

LU 

-J 

LU 

o 

HH 

O 

o 

or 

►— < 

o 

_l 

_J 

t—* 

O 

_J 

or 

D 

3 

< 

I 

3 

h- 

3 

< 

h- 

_j 

3 

< 

a 

3 

HH  a 

z 

_J 

< 

_l 

LU 

U- 

z 

_J 

LU 

_j 

< 

_J 

_l 

a 

LL. 

z 

to 

< 

LL. 

LU 

1/5 

or 

h-^ 

3 

3 

Z 

u 

3 

u. 

o 

CT) 

_J 

_l 

3 

3 

>— < 

Z 

OJ 

_j 

Li. 

u 

LO 

a 

KH 

h- 

CO    >-i 

o 

LU 

3 

LU 

\- 

O 

< 

LU 

K 

>- 

LU 

1— 

03 

LU 

o 

2 

D 

2 

O 

Z 

o 

1— 

LU 

LU 

UJ 

o 

LL. 

UJ 

_J 

t-4 

z 

UJ 

a. 

c 

I 

UJ 

3 

3 

2 

3 

Li. 

O 

CO    Or 

hH 

CJ 

H 

o 

LU 

a 

3 

< 

Or 

o 

to 

< 

o 

2 

LU 

o 

o 

LU 

D 

Li. 

<I 

CJ 

CJ 

2 

to 

3 

z 

3 

< 

LY 

> 

3 

2 

LU 

3 

3 

LU 

3 

3 

Li. 

LU 

<    LU 

H 

z 

2 

Q 

Or 

UJ 

>- 

D 

D 

1- 

u_ 

LU 

or 

o 

LU 

CJ 

O 

m 

Q 

Cj 

O 

3 

LU 

or 

or 

> 

UJ 

_J 

< 

3 

3 

> 

2 

LU 

or 

s 

< 

a 

LU 

or 

O 

O 

or 

or 

CD 

> 

or 

D 

O 

or 

2 

o 

t/) 

O 

^ 

i— 

o 

or 

or 

_J 

t— I 

or 

or 

CJ 

LU 

or 

O 

O 

C5 

or 

2 

LU 

I- 

3 

3 

3 

3 

a 

3 

3 

i—i 

i— < 

CO 

t—t 

< 

t—i 

< 

0. 

< 

_J 

I 

< 

< 

LU 

o 

< 

►-H 

_i 

< 

•— < 

I 

C5 

CJ 

CJ 

X 

< 

LU 

LU 

or 

< 

< 

l-H 

o 

< 

X 

I 

< 

< 

:*: 

<3 

1— 

3 

-1 

a 

Z 

or 

<a 

I 

X 

LO 

2 

UJ 

I 

a 

Q 

_i 

LY 

_i 

D 

h- 

_i 

_i 

1- 

u 

_j 

_J 

a. 

_j 

\- 

H 

Z 

LU 

< 

LU 

1- 

_j 

> 

z 

CO 

3 

3 

3 

o 

j 

h- 

h- 

X 

_j 

3 

(- 

LU 

a 

<i 

1 1 

a 

_i 

1— 

h- 

to 

3 

(— i 

o 

U_ 

< 

O 

LU 

O 

O 

LU 

o 

O 

2 

LU 

O 

o 

UJ 

o 

Cl 

LU 

X) 

to 

1— 

_J 

LJJ 

O 

o 

<1 

< 

O 

O 

>-< 

or 

o 

Ul 

UJ 

UJ 

3 

< 

U_ 

< 

_1 

LU 

I 

X 

a 

3 

LU 

UJ 

< 

_J 

3 

1— 1 

i 

o 

a 

to 

to 

to 

(J 

2 

to 

to 

—> 

or 

to 

to 

O 

to 

o 

s 

h- 

D 

to 

LU 

2 

to 

CJ 

0. 

u_ 

to 

CO 

CO 

0. 

to 

2 

S 

I 

to 

03 

3 

3 

UJ 

Q 

3 

to 

< 

to 

2 

2 

0- 

< 

3 

_J 
3 

I 

> 

CO 

CO 

o 

LU 

i 

i 

t 

t 

i 

1 

i 

1 

i 

i 

1 

I 

i 

1 

1 

1 

1 

i 

i 

1 

1 

i 

1 

1 

i 

1 

1 

1 

i 

i 

i 

t 

i 

1 

i 

LU 

1 

1 

i 

i 

1 

i 

l 

■ 

I 

l 

i 

2 

t 

or 

h- 

1- 

I 

LU 

< 

< 

3 

2 

1— 

L0 

r*- 

CD 

-»- 

CM 

CD 

CD 

O  CO 

"r- 

ro 

oo 

CD 

t-- 

0) 

o 

^t 

CD 

O 

1^- 

^r 

m 

o 

CO 

[-- 

CD 

T" 

f- 

CO 

u< 

r- 

LO 

LO 

*r 

3 

1— 

r- 

03 

LO 

3 

T- 

*- 

LO 

oo 

3 

"r- 

3 

LU 

r^ 

LU 

CO 

CD 

co 

CJ1 

LO 

CN 

r^ 

f- 

CM 

O 

00 

LO 

CN 

T 

CN 

CO 

t~ 

r^ 

CD 

o 

LO 

CM 

CD 

*nT 

T- 

CD 

0> 

"3- 

CD 

T- 

CD 

CD 

00 

O 

•»- 

oo 

LO 

3 

CM 

CN 

CO 

(J> 

00 

CM 

3 

3 

CN 

O 

1- 

3 

cn 

<tf 

1 

LO 

t 

ID 

r~- 

^f 

CO 

CM 

CO 

L0 

00 

CD 

LO 

CD 

00 

CD 

CD 

CM 

■g- 

CD 

LO 

*» 

CD 

■*J 

LO 

O 

00 

in 

O   CD 

r-~ 

CM 

•<T 

o 

CO 

•ij 

3 

O 

t- 

«g- 

o 

T- 

O 

OJ 

CN 

or 

Q 

O 

ro 

O 

CM 

*- 

•»- 

IT) 

T- 

■q- 

r~ 

LO 

CD 

O  O  CD 

CO 

-c- 

CM 

LO 

O   O 

00 

CM 

o 

T- 

CD 

CD 

CD 

r^ 

CM 

00 

■9 

CD 

CN 

i- 

Q 

*- 

3 

LD 

O 

3 

*- 

00 

LO 

^T 

3 

O 

3 

-■'- 

< 

LU 

CD 

cn 

CM 

ro 

■>* 

■fl- 

CD 

cn 

CD 

CD 

■r- 

■»- 

CM 

ro 

CO 

LO 

CD 

r- 

-*- 

CD 

00 

o 

■*- 

CM 

CD 

CD 

00 

CD 

r~ 

03 

oo 

oo 

00 

CM 

00 

LU 

CN 

ro 

CO 

"* 

3 

T" 

CO 

OO 

3 

03 

f- 

LU 

CM 

_i 

(- 

1 

■*t 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

r-- 

h- 

r- 

CD 

CD 

CD 

01 

O) 

a> 

CD 

O  C 

O  O 

o 

*- 

*- 

t- 

■^r 

*fr 

3 

r- 

r- 

CO 

CD 

OO 

3 

3 

o 

h- 

O 

o 

t-H 

CO 

CO 

CO 

CO 

CO 

ro 

CO 

ro 

CO 

CO 

ro 

CO 

CO 

CO 

OO 

CO 

CO 

CO 

CO 

CO 

ro 

ro 

CO 

CO 

CO 

ro 

CO 

CO 

<^ 

^r 

<3- 

"3- 

'* 

^T 

•^1 

M 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

ro 

CO 

Tf 

t— i 

rr 

LO 

2 

2 

2 

00 


u 

LU 
CD 

< 


o 

LU 
00 

DO 

=; 

00 

D 
2 
< 

Z 

o 


oo 

c 

CL 


l/l 
< 

I 
a 
t 

a 
o 

LL 

< 
> 


CD 


o 

00 


2 
O 

CO 

a 

LU 
> 

z 
o 

u 


00 


o 
h- 
cj 

ZD 
Q 

t-  Z 

z  o 

LU   U 
CD     i 

LU    i-i 

a  2 


LU    LO 

X 

t-  cj 


z 

CD  •  < 

"  <     (- 

00 
L0 

<3 


- 

cd 
a 


a 
< 


o 
oo 


o  o 

00  > 

LU  O 

Z  h- 

z  o 

•-.  X 

2  a 


o    ' 

> 

I-  CM 

I— i  "•— 

oo  o 

or  t 

LU  CTl 

>  cd 

m  n 


CD 

Z 

>■ 

o 
_J 
a 

<    LU 


CX  _J 

O  LU 

LL  U 

-I  U 

<  1-1 

u  < 


a  o 

LU  > 

I  O 

<r-  h- 

Z3  O 

O  X 

oo  a 


I-  en 

i-h  CD 

00  i- 

a  cr> 

LU  CTl 

>  O 

i-i  TT 


>    > 

i-i    < 


LU  D 
O 

i—i  LY 

>  o 

LU  h- 

Q  U 

LY  D 

o  z 

I-  o 

u  cj 

x>  i-h 

o  2 

Z  LU 

O  00 

u 

cd 


o 

<  z 

>■  < 

_i  a 

-l  CD 

<  o 

o  z 

i-i  o 


co  a 

>   O 
< 

n 

co  Z 
Z  < 


co 

I  LL 

z  o 
o 

l-H  CO 

h-  O 

<  o 

i-i  X 

a  h- 

<  LU 

a  s 


O  _l 
< 

CD  cj 

Z  i-i 

i-h  or 

>-  H 

O  a 


cd 

s  z 

LU  i-h 

I-  X. 

CO  < 

>  s: 

CO 

or 

LU  O 

Q  LL 

D 

a  o 

t-  o 

O  I 


a 

<  s 

_l    LU 

O  I- 
00   CO 

> 

CJ    CO 

l-H 
(X     LU 

I-  Q 

u  o  > 

lu  a  CD 

_J  h-  a 

LU    (J  LU 

O    LU  Z 

I—    — I  LU 

0  LU 

1  CX 

a  Z  < 

<  _J 

tx  o 

O  CD  oo 

z 

>     l-H  O 

a  o:  2 

LU    13  i-h 

I —    I —  I — 

i —  cj  oe 

<    <  LU 

DO    LL.  > 

r>  z 

<  z  o 

<  u 
a  2 

o  ex 

LL    LL  O 

O  U- 

h- 

<X    O  LU 

o  o  u 

a  I  i-h 

D.h> 

3    LU  LU 

CO  S  O 


<3 

a 
o 
a 

0 

CJ 

o 

00 

0. 


— iwOOcD^LoOoor^ 

I<»coor-c»rocDr^'<T 
aO-"-C0LOL0fcMr-O 

oooiinoi'-iBOfO 

••>3-LOLOLOlDr--O0C0-- 


CD 

Z 

n 
H 
< 
> 

CO 
CO 

< 


00 

a 


LY  _l 

< 

z  >- 

a  h 

LU  l-H 

h-  > 

<  l-H 

z>  h- 

O   LU  CJ 

Z  D 

Q  ft  Q 

LU    CD  Z 

X  Z  O 

CJ    LU  CJ 

<  I—  LU 
2    <  H 

LU  l-H 

LU    X  CO 

CJ  O 

►-H  lu  a 

h-  t-  a. 

h-  co  O 

<  < 

-J   3  Q 

LU 

CD  X  * 

Z    t-  U    00 

l-H     l-H  <      < 

>3(-< 

O  oo  CD 
— I   CX  —I 

cl  lu  cd  < 

s  h-  z 

LU    CT  l-H    LL. 

LU  >-    O 

-I    >  O 

J2  JO 

LU   O  Cl   Z 

U   O  S   i-h 
lu  Cl 
U   >-  O 

i-h  U  CO  Q 

<  a  —i 


Z   LU  3 

LU    CJ  l-H 

00 

(X     IX  LU 

<  <  z 

_J  _J  CD 

O  □  < 

co  oo  S 


CJ    I  i  I  I 

o 

co 

00  CD  »~  CM  O 

<  O  co  co  co 
lo  O  ro  cd 

Z  en  cm  r-  cd 

<  CD  O  *-  CM 
i-h   CD  O  O  — 

a  ro  ^r  -a-  <tf 

< 

> 


o 
o 

D 

o 

z 
a 
o 

2 

LU 

oo 


2    00 

< 

LU    03 


O  h- 

I-  < 

CO  tx 

O  h- 

Z  oo 

Z)  CD 

tx  z> 

CD  oo 

:*:  lu 

i-h  M 

z  M 

O  00 

Ct  I 

(-  LU 

^  a 

LU  IX 

-J  < 


a  C3 

3  Z 

LL     l-H 

u 

t-   X) 
D   Z 

o  o 
o:  i-h 

a  i- 
< 

j  a  u 

_l  O   i-i 


I 

CJ 

00 


CO  l-H 

LU  CO  D 

CJ3  00  i-h 

LU  _l 

CJ  CJ  o 

i-h  O  00 

Z  LY  LU 

o  a  or 


I  CN 

cj  ro 

i  IT) 

or  co 

lu  *-. 

*  i- 

CJ  T 

< 

3 


or 

h- 
oo 
CO 

00 

LU    Q 

or  lu 

3  h- 

H-  or 

u  o 

X)  I 

or  oo 
^- 

oo  X 


or 
O 
co 
Z 


I- 
< 
CO 

D- 

o 


oo  cj  a 


cr> 


o 

CD  -J 

Z  LU 

l-l  CJ 
> 

<  or 
X  < 

_l 

_l  o 

LU  CO 

z 

<  a 

CL  LU 


LU  3 

Z 

<  -I 

a  _J 

LU 

-I  CJ 

_i 

lu  or 

cj  < 

_i 

or  o 

<  oo 
_j 

o  z 

00  o 


CJ    LU 
IX 
CX 
<    CX 

-J  < 
o  z 

00   < 

_J 

or  a 
o 


CJ 


CO 

CD  -J 

Z  O 

i-h  or 

I—  K 

<  Z 

o  o 

cj  cj 

lu  Z 

>  O 


O  — I  < 

CJ  —I  oo 

LU  Z 

CJ  CJ  LU 

i-h  Cl 

or  or  s 

h-  <  o 

CJ  -J  CJ 

lu  o  Z 

_i  oo  z) 


X  u 

CD  Z 

i-h  r> 

LU  X> 

3  O 

I-  or 

X  LU 

o  y- 

l-H  LU 

-J  X 


CO 

o 

a 


or  or 
<  < 


I-   CO 

Z  or 

<   CD 


O   O 

CO    CO 


00 


<  < 

00  S 

CD  LL 

oo  z  O 

_J     l-H 

_j  *:  a 

LU    <  O 

CJ  2  X 

or  or  lu 

<  O  2 

_1     LL 

O  D 

CO  D  Z 

O  < 

CD   I 

Z    I-  LU 

l-H    LU  CJ 

or  2  i-h 

<  > 

CL    D  LU 

LU    Z  O 

or  < 

a  u 

CO  HH 

a  _i  < 

O    J  h 

LL    LU  _1 

CJ  o 

o  > 

0  a  o 

1  <  i- 

h-   -J  o 

lu  O  X 

2  co  a 


rocDr-i^O-^OOcDcooo-^oo 
'a■'d■c^lCD'^•c»L0O'S■O'^•■,-■^ 

CDCD'3-'3-rMr-00OCDt^CT>CNTT 

■^■^r^r^-OOcococDCMcoLocM 

CMCMLnLDCDCXirOCOCXIODLOl^'^ 

■"j'^'^-'a-'a-^fLnmLOCDr^CDO 
coconcocncocncncoronrorr 


X    i 

CJ 
h- 

LU    00 
-I    CO 

o 

-  CO 
LU  CM 
I-    O 

l-H     T 

I 

3 


z  a 

o  < 

i-h  CY 
h- 

< 

a  i 
o 
a 

a  o 

o  m- 

cj  O 
ro 

x  -- 

O  LO 

a  ro 


a 

_j 

< 

Q 

LU 

_j 

h- 

CJ 

□ 

_J 

00 

_j 
< 

h- 

o 

z 

O 

HH 

< 

CJ 

n 

1- 

LU 

to 

H 

X 

HH 

Z 

o 

00 

LU 

o 

LU 

s 

a 

a 

a 

i— 

o 

o 

D  O 

Z  I 

<  a 

x 

CJ  i 

a 
< 

LU  CD 

00  CM 

LU  CO 

a  <tf 

CD 

<  O 
Q  ■» 


101 


> 

a 

t- 

[-- 

C3 

<T> 

■"? 

r- 

re 

CD 

ro 

I 

r- 

O 

z 

C) 

re 

o 

LO 

O 

o 

O 

O 

o 

O 

cj 

m 

O 

CD 

CM 

ro 

^r 

o 

■»- 

ro 

cn 

LU 

\ 

m 

CO 

•*- 

o 

CM 

1- 

o 

•q- 

c\i 

CM 

< 

C5 

a 

ID 

M- 

o 

CD 

CM 

CM 

CM 

CD 

00 

O 

rsi 

< 

t—t 

a 

INI 

0 

r-- 


CN 

O 


o 

re 

n 
CI- 


00 

CM 


I 

h- 

LU 

u 

t— i 

C5 

if 

< 

cj 

a 

LU 

< 

z 

LU 

< 

z 

LU 

X) 

U. 

_l 

_J 

o 

co 

t-H 

00 

o 

LU 

u 

CO 

_l 

_J 

h- 

a 

►—I 

h- 

^ 

z 

CO 

_J 

t-H 

D 

CJ 

< 

D 

_J 

cj 

<3 

UJ 

LU 

1— t 

> 

a 

z 

OO 

Z 

D 

z 

_J 

o 

Z 

> 

00 

< 

t— < 

o 

< 

a 

>— < 

< 

»-H 

2 

00 

> 

z 

I 

_l 

2 

X 

< 

X 

H- 

a 

> 

< 

K 

h- 

a 

u 

a 

a 

LU 

z 

to 

_) 

z 

o 

I 

Z 

t— i 

X 

a 

x 

LU 

_J 

z 

< 

< 

< 

a 

o 

X 

(J 

m 

n 

CO 

X 

< 

< 

3 

1/1 

t- 

a 

""3 

I 

X 

X 

< 

Ll: 

LU 

_l 

< 

o 

h- 

_J 

o 

1- 

X 

»-H 

< 

_J 

a 

> 

z 

< 

i 

I/) 

< 

o 

t- 

cj 

o 

o 

z 

_l 

CD 

X 

< 

<I 

CM 

X 

_l 

a 

cn 

00 

CD 

►—I 

o 

-J 

re 

< 

r- 

X 

re 

h- 

a 

a 

_j 

< 

< 

\- 

w 

a 
< 

LU 

LO 

> 

a 

LU 

Q 

>— < 

o 

> 

< 

LU 

a 

h- 

< 

O 

z 

O 

D 

z 

a 

< 

< 

_j 

LU 

h- 

_l 

O 

O 

a 

> 

LU 

LU 

_J 

_J 

a 

> 

Z 

_J 

cj 

V 

a 

LU 

Q 

CJ 

►— t 

_l 

a 

a 

►— t 

h- 

z 

a 

o 

LU 

< 

X 

LL 

X 

< 

LU 

u 

2 

a 

h- 

LU 

o 

_j 

z 

CD 

»-H 

^ 

I 

M 

< 

3 

LU 

r^ 

z 

o 

Z 

C3 

< 

a 

O 

t 

f- 

u 

o 

►— ( 

3 

a 

a 

_J 

CM 

LU 

o 

a 

LU 

< 

< 

•»- 

LU 

CM 

o 

< 

*- 

u 

O 

o 

i 

a 

CD 

LO 

CO 

LU 

re 

CM 

t- 

M 

LO 

1- 

CM 

re 

oo 

CM 

10 

to 

re 

a 

r~ 

00 

y- 

m- 

LO 

< 

t- 

ID 

<a 

re 

H- 

\ 

LU 

o 
CO 


z 
o 


I/) 
a 


(j 

LU 
Q 
►— < 

Q 


CJ 

a 


D 
LO 


O 

CO 
CO 

< 

z 

X) 


I    LU 


Z  CJ 

I  o 

o  a 

x>  i- 


o  >- 

DO 


LO 
LO 
< 

a 
a  lu 
lu  a 


< 

3  Q 


O 

lo  cn 
a  cm 
lu  O 
Q  r- 
Z  re 
<  O 
-a- 


o 

_)  r- 

uj  r~~ 

a  cd 

a  cm 

<  O 

"3" 


a  co 

X)  > 

a 

<j 

> 

o 
a 


2  > 

<  LU 

M  Q 

_J 

-J  o 

3  < 


LU 

CJ 

<  re 
i-  re 
m  re 

2  CD 

a  r- 

<  cd 

re 


a  _j 

x  —I 


< 
u 

<J 
O 

_l 

o 

SE  co 

I- 

O   Q 
2   LU 

i-h  a 

I-    LU 

3 
O 

a 

a 
< 

_j 
o 

CO 


O 

_*    CM 

u  r- 


o 
to 


a 

D   LU 

>-<  i— 
>  a 

<    LU 

Q   > 

Z 
O 

u 

a 

< 


o 
to 


a  rr 

lu  re 

-J  O 

h-  LO 

x  r- 

co  O 


2  co 

<  > 

l-H  CO 

_l 

-J  ;>- 

3  a 


o 
co 


LU  CJ> 

co  oo 

a  cm 

2;  - 

<  co 

u  o 
■3- 


co 

X 
h- 

< 

a 
< 
a 
a 
< 

I 

o  > 

>-,  O 

a  a 


O 
co 


z 

<  r~ 

2  CD 

LU  CM 

_J  CD 

O  CM 

U  O 


> 

T 

<1 

o 

> 

T- 

a 

i— 

a 

CO 

X 

LU 

o 

a 

co 

CO 

O 

< 

*- 

LU    LU 

o 

O 

CO 

re 

CO    < 

CO 

a 

CO 

UJ 

Z  CD 

O  O 

2  oo 

lu  r^ 

a  r- 

u  cn 
re 


<  re 

2  re 

co  re 

>-i  co 

a  r- 

u  cn 

re 


z 
o 


C) 
CJ 


CD   >■ 
LO    K 


u 

lu 


o 

X 

►^ 

LU 

h- 

1— H 

i — i 

LU 

a 

CO 

a 

_i 

o 

X 

LU 

a 

UJ 

t- 

t-* 

2 

> 

u 

o 

o 

< 

< 

Lu 

CO 

o 

CO 

Z 

X 

LU 

C5 

CM    LU 

O 

z 

u 

z 

CO    U 

_l 

C/0 

< 

z 

^-^ 

re  i-h 

-J 

> 

2 

LU 

a 

> 

LU 

Z 

D 

UJ 

X    LU 

CJ 

Z 

u_ 

»— ( 

u 

O  D 

LU 

o 

LO 

LU 

03 

a 

h- 

LU 

; — i 

_l 

< 

Q 

a 

Q 

•  < 

_j 

O 

D 

O  CJ 

o 

rg 

I 

- 

Lu 

•  t— 1 

LO 

re 

i- 

LU 

CJ> 

O 

a  a 

Cr 

2 

CO 

o 

LU 

a 

LU 

>~< 

Q 

LU 

_J 

a 

Z 

>- 

LU 

a 

< 

< 

< 

_j 

LU 

CO 

_i 

_l 

h- 

_J 

h- 

to 

2 

00 

<-0 

>- 

UI 

z 

< 

LU 

>- 

Z 

m; 

CJ 

LU 

h- 

f- 

a 

►— < 

h- 

CJ 

a 

LO 

u 

o 

H 

a 

CO 

o 

>- 
CO 

> 
o 

2 

< 

X 
Cj 
O 

O 
I 
CJ 

< 

o 

Q 

a 
< 

LU 

z 

a 
a 

z 

a 

_J 

Ct 

CO 

CO 

X 

2 

o 

o 

C5" 

_J 

Q 

h- 

z 

O 
D 

X 
_J 

LU 

CO 

Z 

3 

H 

a 

CJ 

CJ 

z 

Lu 

o 

LU 

<    LU 

a 

MH 

o 

LU 

»— 1 

X 

O 

UJ 

> 

> 

u 

>- 

a 

>- 

I- 

a 

> 

< 

< 

< 

a 

o 

t— ( 

X 

z 

X 

Q 

_l 

a 

X 

z 

3 

o 

o 

a 

_J 

a 

u 

X 

CO 

CJ 

LU 

u 

<! 

z 

LU 
CJ 

< 

X 

~ 

LU 

CJ 

a 

> 

HH 

LU 

_J 

U) 

_j 

C3 

z 

LU 

*— i 

LU 

C5 

1- 

> 

u 

_J 

HH 

a 

_i 

M 

I 

a 

> 

3 

a 

h- 

LU 

*-l 

Ui 

CO 

< 

UJ 

I 

a 

a 

UJ 

O 

LU 

LU 

Cj 

a 

> 

O 

I 

^ 

CO 

CJ 

CO 

LO 

>— < 

D 

oo  a 

z 

a 

LU 

LU 

1 

CJ 

u 

LU 

LU 

a 

_j 

UJ 

LU 

LU 

U 

h- 

D 

z 

CJ 

c 

CO 

2 

O 

2 

UJ 

2 

o 

►-i 

CJ 

2  a 

> 

t— . 

LU 

o 

»— < 

< 

< 

t— t 

< 

C! 

< 

K 

I 

•— < 

<  < 

1— 

LU 

< 

a 

LU 

-» 

< 

a 

_] 

X 

«a 

X 

< 

X 

CJ 

a 

< 

X  _J 

< 

h- 

> 

(- 

< 

h- 

h- 

X 

t- 

o 

UJ 

_J 

>-* 

_l 

o 

_j 

_J 

D 

_l 

CO 

X 

O 

H 

o 

>—< 

o 

D 

Z 

o 

> 

O 

> 

2 

> 

> 

o 

> 

LU 

a 

o 

LU 

o 

O 

o 

CJ 

o 

_l 

<i 

K 

_l 

h- 

z: 

1— 

X 

1—1 

K 

CO 

_i 

O 

LL 

O 

o 

o 

C5 

2 

o 

< 

o 

I 

LU 

X 

CJ 

I 

*— t 

LU 

X 

h- 

CO 

a 

a 

a 

LU 

a 

X 

CO 

a 

w 

a 

o  -a- 

2  ^r 

<  ^T 

-i  O 

O  LO 

Q  O 


Z 

O  CD 

00  LO 

<  CM 

i-H  •»* 

_J  CO 

LU  CD 

re 


CD 

LO 
(3  CD 

z  * 

<  1- 

U-  CD 

re 


I  CD 

CJ  LO 

(-  CM 

lu  ^r 

—I  CD 

Lu  CD 

re 


a 

LU 

I  CD 

o  -- 

h-  CD 

lu  re 

-J  LO 

LU  O 


00 

z  ^r 

O  CD 

CO  CO 

co  -- 

►H  O 

o  o 


UJ 
LO 

CO  i- 

i-i  re 

>  CD 

<  CM 

a  t- 

<D  CD 

re 


a 

LU  CD 

m  CD 

isi  re 

<  CM 

a  cm 

O  *- 


02 


T 

CM 

f 

O 

O 

1- 

o 

o 

o 

CM 

CM 

oo 

ro 

CM 

00 

CM 

O 

•C 

00 

O 

^T 

O 

CM 

O 

01 

T~ 

CD 

00 

■«- 

CM 

CM 

■a- 

o 

in 

^r 

r- 

CM 

CO 

ID 

00 

Ol 

i- 

O 

O 

CM 

"tf 

O 

«tf 

r^ 

*- 

ro 

LD 

ID 

T- 

CM 

O 

00 

00 

CM 

L0 

O 

O 

*- 

LD 

O 

CM 

CM 

o 

*• 

00 

v 
0T 

O 
>■ 


LLI 

3 

LU 

to 

_l 

LU 

C5 

z 

_) 

z 

a 

z 

a 

I 

t— < 

UJ 

Z 

o 

LU 

LU 

o 

LU 

C5 

_1 

X 

o 

t- 

1r- 

h- 

- 

_J 

u_ 

< 

_J 

LY 

_J 

CJ 

h- 

o 

10 

Z 

I 

X 

C3 

_J 

a 

_J 

X 

o 

O 

O 

z 

UJ 

o 

i— 

h- 

z 

HH 

> 

00 

HH 

_i 

co 

u 

cr 

Z 

►— i 

I 

:•■ 

u 

UJ 

hH 

> 

LU 

LU 

> 

_i 

oo 

h-H 

i 

h- 

O 

a 

t- 

Q. 

Q. 

c 

Mj 

_l 

I 

X 

LU 

h- 

1— 

3 

_J 

oo 

a 

z 

i— < 

a 

oo 

to 

< 

cj 

-J 

H- 

u 

3 

h- 

a 

UJ 

a 

< 

< 

i—i 

< 

< 

< 

< 

LU 

o 

< 

LU 

o 

O 

HH 

o 

Z 

< 

3 

I 

3 

Li. 

I 

S 

s 

a 

a 

> 

CO 

a 

_J 

a 

LL 

h- 

00 

CO 

00 

LU 

o 

UJ 

_l 

> 

>— i 
> 

< 

UJ 

U_l 

X 

a 

D 

Q 

_j 

CD 

Q. 

Q 

< 

O 

O 

O 

CM 

w 

LP 
5i 

U 

h- 
U 

UJ 

z 

00 

3 

X 

X 

< 

1- 

a 

l/l 

D 

Q 

LU 

h- 

_l 

LU 

a 

o 

Z 

Z 

o 

LO 

CJ 

o 

> 

< 

1- 

00 

- 

o 

o 

< 

LU 

Q 

or 

< 

Z 

HH 

u 

Q 

o 

_J 

Z 

Q 

O 

a 

- 

LU 

> 

h- 

1 — 1 

< 

h- 

►-H 

a 

i-^ 

_J 

O 

_i 

Q 

00 

< 

> 

or 

<T 

1/1 

2 

Cj 

10 

K 

£ 

_J 

00 

UJ 

3 

_i 

00 

00 

> 

z 

LU 

o 

LU 

Cr 

00 

UJ 

I 

a 

or 

»— H 

-*r 

LU 

O 

a 

LU 

o 

C5 

hH 

1- 

X 

L0 

5 

CO 

i— 

X 

D 

LL 

< 

Q 

a 

D 

Z 

a 

a 

i~ 

Z 

_J 

Lu 

00 

I 

i- 

a 

>< 

o 

00 

< 

a 

LU 

UJ 

> — > 

Z 

u 

a 

a 

o 

O 

LU 

— 

Q 

CD 

i- 

< 

i— 1 

o 

3 

LU 

Q 

z 

oo 

o 

LL 

X 

Cs 

z 

00 

< 

Z 

a> 

D 

s 

o; 

< 

o 

O 

> 

Z 

LU 

f- 

D 

0') 

Ul 

O 

< 

or 

K 

< 

UJ 

'i1 

Z 

< 

QU 

CM 

_J 

M 

D 

z 

O    00 

i 

l— 

Z 

X 

X 

u_ 

LU 

UJ 

Z 

00 

O 

00 

»— i 

z 

00 

00 

a 

< 

1— t 

a  a 

_J 

CN 

LU 

O 

1- 

-J 

00 

2 

00 

_l 

CD 

3 

t- 

00 

<J 

LU 

o 

< 

■»- 

LU 

_J 

< 

*- 

LO 

u 

a 

UJ 

M 

> 

t 

or 

i 

LU 

O 

X 

O 

u> 

in 

«L 

r^ 

»-  \- 

u 

t 

a. 

Q 

o 

CJ 

a 

o 

CM 

o 

CM 

o 

Z 

i 

_l 

a 

T 

>< 

T- 

00 

T- 

■^  i-i 

HH 

LO 

h- 

»- 

< 

c 

^r 

h- 1 

(- 

IT' 

T- 

or 

O 

i— 

oo 

< 

a:> 

< 

rj 

o 

00 

oo 

00 

T 

O  o 

a 

r^ 

[/) 

rc 

a 

CM 

i- 

u 

u 

^r 

r- 

LU 

r- 

u 

IT) 

0. 

LO 

U 

oo 

f- 

CO 

CD 

r- 

00 

•»- 

*-  < 

i- 

■v. 

a 

X 

Z 

X 

h-H 

00 

a 

o 

■»- 

<r 

a 

LU 

a 

or 

H 

_) 

< 

LU 

w 

z 

z 

< 

or 

or 

_l 

o 

_l 

a 

o 

LL 

o 

_i 

LU 

o 

LU 

LU 

00 

h- 

o 

u 

s 

<[ 
_J 

o 

o 

00 

> 

CL 

cu 

O 

to 

00 

LU 

_J 

o 

z 

U 

s 

LU 

o 

s 

D 

or 

> 

H 

z 

2 

_) 

CO 

1- 

LU 

LL 
_1 

LL, 

00 

00 

00 

LU 
00 

> 
or 

Z 
< 

LU 

CrO 
or 

< 

o 

LU 
t- 

_J 

LU 

< 

> 

< 

_J 

>- 

> 

C5 

t- 

h 

LU 

K 

1- 

00 

CJ 

a 

CJ 

CL 

o 

<1 

D 

00 

Z 

Q 

LU 

00 

Z 

z 

CJ 

> 

< 

LY 

cj 

or 

X 

►-H 

Z 

2 

_J 

D 

LU 

o 

z 

00 

a 

> 

LU 

D 

Q. 

< 

o 

Z 

N 

< 

o 

LU 

O 

or 

u 

X 

< 

z 

LU 

a 

< 

or 

o 

K-t 

LU 

z 

I 

o 

or 

X 

C5 

_j 

CrO 

LU 

Z 

o 

t— < 
< 

>■ 

O 

< 

Q 

1- 

_J 

00 

O 

< 

LU 

< 

_) 

< 

oo 

Z 

o 

00 

Z 

LY 

HH 

or 

z 

_J 

a 

o 

h- 

_J 

z 

s: 

LU 

or 

o 

1- 

X 

1— 

LO 

< 

00 

h- 

z 

t-^ 

M 

LU 

LU 

X 

M 

o 

or 

_l 

LU 

00 

LU 

o 

< 

D 

X 

_l 

00 

O 

UJ 

H 

U- 

I 

_J 

LL 

)— 1 

< 

CO 

_J 

00 

5 

X 

LU 

LU 

O 

< 

LL 

X 

CO 

I 

< 

< 

00 

-J 

D 

a 

< 

00 

< 

_i 

X 

z 

I 

s: 

O 

a 

Z 

i 

z 

X 

I 

o 

K 

z 

00 

z 

X) 

Q 

Cj 
LU 

Z 

1 — 1 

O 
U 

Z 
< 

z 

z 

LU 

o 
oo 

< 

CJ 

O 

o 
u 

LU 

1- 

D 

< 

_) 

o 

Li. 

Z 

X 

X 

X 

2 

_l 

or 

OJ 

t— < 

a 

z 

Z 

X 

K 

o 

<3 

LLI 

CO- 

1— 

< 

o 

z 

t- 

D 

> 

_J 

LU 

O 

<! 

_J 

h- 

o 

CJ 

< 

00 

Z 

< 

a 

z 

-I 

C3 

LU 

1— t 

o 

»— t 

u 

CJ 

> 

00 

_i 

oo 

CJ 

»— i 

LU 

D 

_J 

OT 

z 

X 

t- 

z 

a 

00 

LU 

X 

X 

HH 

►—i 

Z 

►H 

LU 

LU 

t— < 

u 

t— 1 

or 

Z 

or 

_J 

Cjj 

5 

D 

a 

> 

LU 

oo 

I 

U 

3 

s 

or 

LU 

2 

*— » 

LU 

E 

< 

\- 

Lu 

I 

z 

i- 

_i 

C5 

a 

H 

D 

LU 

O 

a 

< 

D 

_J 

or 

D 

I 

o 

Q 

< 

_j 

LU 

M 

LU 

I 

I— 

1— 1 

I 

I 

I 

a 

u 

a 

_J 

LU 

LU 

or 

_l 

C5 

a 

c 

o 

_j 

_J 

_J 

>- 

O 

_l 

h- 

_l 

i— i 

o 

S 

Z 

Cf 

0. 

hH 

2 

a 

l- 

t- 

X 

LU 

X 

< 

00   o 

> 

Z 

< 

O 

or 

►— . 

LL. 

o 

D 

□ 

or 

LU 

<J 

i 

< 

I 

_J 

oo 

o 

X 

_j 

LU 

3 

a 

LU 

•— < 

t— i 

I 

_l 

I 

u 

HH     t— ( 

z 

z 

_j 

z 

O 

>- 

< 

00 

Z 

u 

or 

Z 

> 

z 

(Jj 

_i 

or 

X 

> 

00 

o 

00 

3 

3 

i- 

LU 

i- 

t— 1 

x  a 

o 

LU 

o 

or 

00 

LU 

o 

or 

_J 

or 

< 

_J 

o 

K 

o 

t— t 

t— 4 

LU 

LU 

_J 

< 

o 

O 

_J 

LL 

o 

a 

a 

a 

O  h- 

u 

Mr 

00 

< 

_J 

O 

or 

LU 

o 

< 

C3 

Lu 

LU 

< 

o 

_j 

< 

D 

oo 

Q 

I 

3 

> 

X 

LU 

z 

0. 

or 

LU 

X 

LU 

X 

LL 

X 

_i 
_J 

_J 
_J 

< 

< 

i- 

LU 

H- 

D 

LU 

Z 

X 

(J 

LL 

X 

z 

D 

00 

< 

Z 

< 

O 

LU 

LU 

LU 

LU 

_l 

o 

LU 

u 

LU 

Lu 

Z 

LU 

LU 

UJ 

z 

a 

LU 

a 

O 

CJ 

CJ 

_l 

LU 

LU 

Z 

►—I 

< 

s 

^— ( 

Q 

Z 

LU 

O 

LU 

a 

l-H 

or 

or 

or 

LU 

or 

t— i 

a 

or 

or 

or 

o 

a 

a 

a 

a 

i— t 

CO 

< 

< 

H 

LU 

H 

(- 

X 

CO 

X 

< 

< 

< 

I 

< 

< 

< 

_l 

< 

D 

LU 

o 

o 

o 

Z 

LU 

D 

00 

> 

Z 

LU 

o 

2 
o 

LU 

z 

o 

_j 
o 

_j 
O 

1- 

LU 

_i 
o 

_j 
o 

_j 
o 

< 

X 

_j 
o 

i 

2 

cj 

00 

00 

o 

3 

00 

O 

I 

u 

M 

00 

00 

LO 

S 

CO 

oo 

00 

Q 

LO 

< 

LU 

> 

Z 

CJ 

O 

00 

1 

i 

1 

1 

i 

1 

1 

1 

1 

1 

1 

z 

1 

or 

I 

1 

a 

I 

i 

i 

i 

I 

LY 

or 

I 

z 

< 

LU 

UJ 

LU 

o 

h- 

o 

M 

or 

> 

> 

00 

z 

t- 

M 

r- 

CO 

H 

CD 

LO 

o 

LD 

>- 

uo 

00 

oo 

CM 

1- 

CM 

LU 

CM 

< 

CO 

o 

< 

00 

f- 

< 

T- 

00 

•>? 

LU    LO 

LU 

z 

u_ 

00 

o 

CM 

_l 

00 

>- 

CM 

*- 

O 

LU 

CM 

>- 

CD 

> 

CD 

O 

►— i 

in 

CL 

in 

s 

f~ 

1- 

s: 

10 

■^r 

_i 

CM 

LU 

o 

a  oo 

LU 

U- 

00 

NT 

00 

►— t 

r- 

Q 

o> 

1- 

■^ 

Z 

CM 

_J 

00 

_J 

CO 

_J 

00 

O 

T- 

> 

oo 

00 

00 

D 

"? 

00 

D 

in 

O 

LU 

CM 

Z 

r- 

<  r» 

or 

> 

t— 1 

LO 

_J 

•»- 

s 

m 

or 

■»- 

_J 

00 

I 

00 

_J 

■*- 

_J 

00 

_l 

00 

z 

CD 

< 

CD 

LU 

•*? 

Z 

ro 

r^ 

Z 

CN 

CO 

Z 

O 

_J 

■«■ 

j.  r- 

< 

z 

a 

00 

X 

O 

< 

CM 

< 

o 

o 

m 

< 

00 

LU 

o 

LU 

CM 

LU 

■*- 

t— I 

oo 

or 

o 

^ 

CM 

M 

00 

00 

t— i 

CO 

o 

< 

oo 

»— t 

oo 

-    oo 

_j 

»— < 

o 

O 

o 

■■- 

I 

O 

I 

1- 

I 

O 

X) 

00 

vr 

T- 

* 

o 

vr 

•*- 

vr 

o 

MT 

*- 

_J 

o 

_l 

O 

O 

_) 

O 

s. 

O 

E 

O 

o  O 

o 

1 

TJ 

^j- 

*s 

•^ 

00 

ft 

T 

rt 

■M- 

■^ 

■<J 

-3- 

■^r 

<J 

■^r 

■q- 

■>» 

t 

to 

> 

IX 

h- 

T- 

■»- 

O 

Q 

z 

CM 

CM 

ID 

cj 

ID 

ID 

<? 

LU 

V. 

o 

O 

01 

0 

a 

03 

cc 

t- 

< 

i— i 

a 

N 

ID 

CM 

00 

O 

i- 

CM 

co 

CM 

CM 

CM 

< 


103 


1- 

CM 

CO 

ro 

o> 

r^ 

r- 

o 

r» 

CO 

to 

•»- 

r- 

ID 

O 

TjcniDiocMTj-GicricocM  m 

OOlCOCMCMCM'^-'-'-O  01 

nOMftra^ionino  id 

t-lOr^OJLOCOCMLOI^-Ol  t- 

'-"-'-oiMiMonnr)  ■q- 

nnnnonnnnn  en 


a 
o 

< 

LU 

z 

LU 
CJ 


CJ 


l-H 

>-i 

CJ 

_j 

.-. 

3 

_J 

_J 

_j 

< 

»— * 

3 

CO 

z 

< 

_l 

J 

_i 

a 

> 

LU 

CO 

o 

Q 

t-H 

o 

o 

< 

X 

Z 

2 

1- 

< 

> 

Z 

CJ 

cj 

u 

z 

6 

< 

z 

Z 

< 

z 

CO 

z 

_l 
o 

^ 

1- 

h- 

> 

LU 

o 

_J 

l-H 

o 

1- 

LU 

CJ 

\~ 

a. 

a 

t- 

o 

co 

_J 

_) 

co 

t-H 

z 

t— i 

o 

O 

►— i 

I 

CM 

»— i 

a 

< 

Zj 

X 

t— 4 

o 

u_ 

u_ 

_i 

a 

en 

3 

< 

_i 

< 

K 

_l  00 

*•*■ 

*— i 

Q 

z 

CJ 

CO 

LU 

o 

z 

< 

K 

t-H 

l-H 

rsi 

< 

\- 

1- 

►-H 

3 

< 

CO 

a 

D 

1— 1 

< 

• 

LL 

h- 

_l 

o 

Q 

a 

o 

o 

3 

< 

a 

z 

_l 

X 

C5 

o 

u. 

a 

LU 

z 

z 

1— t 

_i 

_J 

o 

1— 1 

01 

K 

>- 

< 

h- 

CO 

t-H 

D 

o 

>-* 

C> 

~ 

CM 

a 

3 

< 

t~ 

Z 
< 

CD 

CO 

o 

a 

LU 

CO 

o 

a 

LO 

_J 

a 

Z 

a 

H 

CJ 

< 

O 

s: 

LU 

o 

a 

> 

a 

a 

LU 

o 

t- 

< 

T 

z 

2 

LU 

LO 

> 

CJ 

LU 

LL 

z 

CJ 

Q 

D 

< 

o 

> 

t—t 

^ 

LU 

> 

O 

LU 

< 

3 

LU 

< 

a 

u 

(-H 

> 

> 

a 

D 

l-H 

> 

LO 

O 

-1 

o 

i- 

a 

O 

< 

G 

a 

z 

>■ 

z 

o 

a 

_1 

a 

a 

o 

D 

Q 

CJ 

a 

o 

a 

1— 1 

or 

o 

< 

< 

z 

LO 

LU 

< 

t-H 

LU  l-H 

a 

LU 

00 

U 

3 

I 

t-H 

LU 

Z 

_l 

a 

|- 

o 

Z  LO 

LU 

<— v 

Q 

_J 

O 

CJ 

a 

_J 

LU 

LL 

_l 

a 

>" 

a 

<  a 

Z 

oo 

Z 

a 

> 

_1 

LU 

a 

LL 

LU 

LU 

_J 

LU 

_J  LU 

LU 

r- 

o 

< 

o 

_l 

LU 

LL 

< 

CJ 

LU 

CJ 

t— » 

o 

C) 

> 

i 

h- 

a 

s; 

a 

o 

3 

LL 

I 

t— < 

"3 

CO 

a 

< 

z  z 

_l 

CM 

LU 

LU 

LU 

I 

a 

1-4 

CJ 

Q 

a 

h- 

s 

2  o 

< 

r- 

LU 

T- 

CJ 

CO 

z 

O 

h- 

1- 

< 

LO 

CJ 

3  CJ 

u 

i 

a 

rj- 

z 

■r- 

LU 

cj 

- 

CO 

CJ 

o 

_i 

O 

LLJ 

O 

1- 

1— I 

ID 

h- 

o 

< 

03 

3 

O 

U_ 

O 

LU 

O 

o 

cr- 

_J 

*- 

3  a 

a 

t~- 

co 

-r- 

H 

T— 

t- 

3 

CM 

o 

T- 

_J 

CM 

LO 

0) 

LU 

^r 

h- 

<  LU 

h- 

\ 

t— t 

z 

LU 

I 

t-H 

3 

O 

■*- 

u 

< 

LO 

Lr 

o 

3 

O 

LU 

- — 

< 

l-H 

a 

D 

LU 

t- 

CJ 

a 

_J 

a 

Q 

LU 

1- 

>-H 

o 

a 

LU 

LO 

1- 

< 
u 

< 

a 

> 
< 

> 

a 
a 

I 

U 

X 

o 

z 

_) 

C5 

< 

i— t 

h- 

LU 

LU 

_l 

o 

1- 

Cr 
LU 

CO 

>- 
CO 

Z 

o 

3 

> 

< 

CO 

a 

z 

z 

> 

l-H 

a 

CJ 

a 

< 

Lu 

LU 

LU 

^ 

z 

1— 

LU 

LY 

l-H 

CJ 

H 

o 

< 

1— 

LU 

Q 

a 

> 

a 

CO 

H 

1- 

l-H 

M 

a 

Z 

LU 

< 

Q 

t- 

o 

LU 

z 

O 

CO 

t-H 

LU 

LU 

Z 
CJ 

> 

a 
< 

o 

i- 
u 

z 

< 

X 
u 

a 

LU 

_J 

> 

z 

a 

i— i 

t- 

I 

l-H 

LU 

2 

D 

CO 

> 

t- 

o 

< 

LO 

I 

u 

a 

_J 

D 

< 

z 

D 

CJ 

_J 

CO 

CJ 

HH 

h- 

_J 

_J 

a 

l— 

o 

o 

< 

LY 

»— t 

a 

u 

o 

I 

"3 

Z 

t— ( 

CJ 

3 

UJ 

U  CJ 

LO 

Z 

_J 

LU 

_J 

CJ 

I 

z 

LU 

a 

>- 

CJ 

a 

a 

LL 

> 

LU 

a 

t— t 

*— 1 

a 

a 

C3 

3 

i- 

O 

DO 

CJ 

o 

i— 

3 

a 

LU 
1- 

ID 
CJ 

a 

LU 

O 

LO 

o 

LU 

z 

Z 

Z 

CJ 

LU 

LU 

a 

Z 

_l 

o 

o 

l-H 

LU 

CJ 

> 

LLl 

X 

LU 

>■ 

LU 

l-H 

M 

H 

_l 

HH 

z 

> 

o 

C5 

O 

LO 

h- 

< 

LL 

> 

O 

Z 

D 

M 

a 

a 

a 

S 

a 

< 

a 

LU 

_J 

LU 

CJ 

O 

a 

I 

LU 

< 

LU 

I  a 

LU 

LO 

a 

LO 

LU 

a 

LU 

Q 

z 

CJ 

CO 

< 

t- 

_i 

z 

a  lu 

> 

►— ) 

LU 

t— I 

z 

X 

I 

LU 

Cr 

o 

I 

i^ 

o 

Z 

LU 

LU  I 

z 

-J 

z 

ID 

LU 

LU 

> 

CJ 

U 

Q 

O 

> 

u 

CJ 

LU 

S 

LO 

< 

LO  t~ 

O 

o 

LU 

O 

cj 

-J 

CJ 

i— i 

l-H 

a 

U- 

o 

< 

CO 

»— * 

O 

t-H 

_j 

_l 

o 

CJ 

_J 

CJ 

_l 

LL 

< 

a 

LU 

2 

< 

1- 

< 

c/i 

a 

LU 

■3 

_J 

a 

< 

Q 

a 
o 

< 

3  LU 

_J 

H 

CJ 

o 

z 

_J 

n 

z 

LU 

_J 

L_ 

i — i 

CO 

U 

t— 1 

LU 

o 

t— 

LU 

CJ 

o 

CO 

*— 1 

LU 

a 

D 

> 

< 

> 

LU 

> 

LO 

a 

t- 

O 

a 

o 

a 

a 

a 

CJ 

I 

a 

»— t 

u 

I 

< 

K 

< 

< 

< 

X 

t-H 

a 

LU 

a 

LU 

LU 

LU 

_j 
o 

o 

a 
a 

o 

_j 
a 

C5 

> 

LU 

o 

LU 

> 

LU 

i 

2 

LU 

S 

LO 

a 

< 

LO 

C/l 

X 

D 

CJ 

a 

< 

> 

z 

CJ 

1 

1 

1 

i 

i 

l 

C5 

i 

1 

1 

Z 

1 

i 

a 

a 

a 

> 

o 

LU 

o 

LU 

LU 

CO 

z 

t- 

LU 

cn 

LU 

03 

M 

CM 

h- 

-•- 

•*- 

CO 

CO 

CO 

CO 

z 

CM 

a 

CM 

O 

LU 

z 

LY 

CM 

a 

co 

< 

ID 

O 

CO 

O  Ol 

z 

CM 

z 

■*- 

a 

*- 

LU 

■q- 

a  *- 

LU 

< 

*- 

< 

CTl 

_J 

co 

> 

en 

a 

•r- 

CO 

t-H 

CT> 

a 

01 

LU 

CM 

X. 

CM 

LU  CM 

LY 

> 

I 

t 

I 

*- 

> 

"tf 

LU 

CM 

LU 

*t 

CD 

LU 

*- 

K-* 

CO 

I 

LO 

_l 

CD 

i-  •^r 

< 

z 

~ 

r~ 

~ 

r- 

< 

CM 

a 

■^ 

I 

CO 

O) 

1- 

o 

1- 

L0 

CJ 

CM 

t-H 

■^J" 

<  O 

_J 

t— 1 

o 

o 

o 

Ol 

a 

O 

a 

cn 

CO 

O  O 

LO 

▼- 

LO 

o 

K 

o> 

3 

Ol 

>  o 

o 

<3- 

co 

■q- 

ro 

•^J 

T 

■^r 

M- 

CO 

CO 

■^ 

LU 

< 
00 

< 
I- 

o 


D 
C 


Ci 

o 


z 

LU 

CJ 

CJ 

l-H 

a 

CO 

3 

CO 

D 

< 

LO 

< 

CJ 


o 


LU 

LU 

o 

X 

3 

a 

H 

O 

a 

LU 

z 

LU 

> 

LU 

z 

LU 

I 

Q 
LU 

a 

I 

H 

h- 

< 

h- 

1- 

_j 

t-H 

L0 

< 

D 

3 

< 

> 

CJ 

CO 
LL. 

co 

a 

l/> 

t-H 

o 

t- 

LU 

_l 

a 

^^ 

1- 

_J 

i— 

z 

CN 

t- 

LU 

u 

o 

LU 

T- 

< 

o 

LLl 

t-H 

Q 

CJ 

1 

CO 

_j 

LO 

O 

t-H 

CO 

a 

LU 

Cr 

(- 

> 

CD 

a 

< 

O 

UJ 

a 

LU 

^\ 

< 

_i 

K 

> 

LU 

D 

*- 

_i 

o 

o 

z 

> 

>-^ 

o 

CO 

I 

o 

z 

Z 

LO 

a 

o 

o 

o 

|- 

LO 

o 

o 

1 — 1 

LU 

h- 

< 

z 

a 

LU 

h- 

2 

Z 

•— < 

< 

I 

u 

< 

_J 

LU 

C5 

h- 

_j 

K 

l-H 

jg 

Lu' 

(- 

Z 

< 

c^ 

z 

a 

I 

< 

t-H 

UJ 

CO 

D 

o 

o 

a 

LO 

a 

D 

l-H 

LL 

>- 

3 

t- 

LU 

LL. 

s 

LO 

CJ 

_J 

a 

z 

a 

LU 

LL 

Ul 

CO 

LU 

< 

LU 

CJ 

O 

^. 

D 

X 

a 

z 

LU 

LO 

1- 

h- 

K 

LU 

l-H 

Q 

a 

< 

a 

O 

< 

a 

a 

K 

a 

LU 

I 

_j 

< 

< 

X 

< 

2 

l- 

_j 

a 

_j 

CJ 

_j 

►-H 

LU 

O 

a 

o 

t-H 

o 

t- 

5 

CJ 

< 

CO 

_J 

LO 

OcDOioor^oiLOLOt-O)  coo 

C0^CMO,*CDI^COCM01  i- 

CMCMOicMOr^LOOro-'-  cm 

cMOiiDiDLOoocM-^cor-  rr 

'-^r-cNiDt^cMLOr-co  t- 

'-'-■r-cMcMCMCOcocrico  ^r 

rocorocorocorotncoco  co 


COCDLOLO^r^OiLO'-CD  id 

CO^OCOtJ-COO^-LOO  ld 

•^co'-loOcooo^-Oco  cn 

TCOinCMlflCONOn^  CM 

O'^r^cMiDr^'-iDr-cD  -^ 

•t-t-t-CMCMCMCOCOCOCO  tt 

rocorocncocorocococo  ro 


cn-y-'-cDcococncDCD'^'  cmo 

fO-^OOlCMOCOt-COCO  ID 

^■^•OO'-OM-OICDOILO  0"1 

Tt^ricocM'a-cioOco  -^ 

oiTr~-^Lor~'-Lor~(X)  r- 

O-^'-CMCMCMCnCOCOCO  ^ 

nnroonnnnnn  co 


LOaDCDOiLOCDO'S-OlCCl  o 

LO'tfCMCDOlOO-'-COrO'M'  LO 

LOOICDOIOIOILOCMOICM  O 

■^LOCOOO-^CM-^-OOlCO  t- 

Ol^l^OtlDr^-^lDCDCO  1- 

O'^'-'-CMCMCOCOCOCO  tT 

cococorocococorocom  ro 


OCDLOCMI^-COCN^'LOOl  coo 

r-OcMr-CMOicMr^-cMOi  r- 

Ooit^^^^nci'-O  cm 

oi^Oicot^-^i-oocacM  id 

oococDCD'^-r^-^'S'CDco  o 

O'-'-'-cMrMnnpin  ^ 

cococococorororococo  ro 


CO^t'-OCDCMt^CnCM'T  CMO 

vcolocmcococd-^looi  r- 

OO^-OcDr^-oi'3-cDco  cm 

cnOLOcoLOcoOcDLOcn  ld 

oocotDco'JCD-^'a'CDr-  o 

O-^'-^cMCMCorococo  ■q- 

cococoncocococoroco  ro 


cncM'^'^-LOCDcnoi'-t-  -^co 

coLOCDr^cDCDCocncoO  r~0 

cnLOr-co-^co'3-LOCD^r  cmlo 

cor~cMCDOicoOO',3-co  LOr- 

cocmcdcococd-^,3-coi^  o  '- 

O-^-^'-cMCMCorocoro  •q-i- 

cocococococococococo  ro  f 


COC0CDCOL0r--C0CD,*LO 

oo^cMr-cnocMcnoicD 
cMcocncor-r^OOLO'- 

CM-^CMCDCMT^O^CD 
ODCMLOOOCOCDOTCDI^- 
O'-'^-^CMCMCOCOCOCO 

cocococococorororoco 


O'-^t'S'CO'-CTicor-T}- 
r-r~-r^r-cMOcDCDCocD 
co-^r-cD^'-'^-co-^--^ 

■'-CDCNCD-'-COCDCnOlCD 
00-^lDODCOCDOlCOLOI^ 

O'-'-^cMCMCMroron 
cococorococococoroco 


oomOi^O'*cMr--^'CO 

CMCOCDOOCOr-COO'3'CD 

oOcM'-cnOO^oi'- 

03CDCM'<a-Ol'-CO^CDCD 

r---^iDcocMCDOicoiDr- 

O^^'-CMCMCMCOCOCO 

rocococorocococoroco 


'-COOl-^CMCOLOOCO-^ 

cDL0r-cDCDcnr^O■,-•^' 

OOCOCDCOCOOLO-^t^CO-^ 

icj'-aiiDcooovLO 
r^--iDi^CMiDO>coLOr-- 

I      O'-'-^CNCMCMCOCOCO 

rorocorocococococon 


r^ 

0' 

OJ 

t~- 

"? 

r-- 

n 

cn 

O 

■r- 

«3 

r) 

ro 

cn 

CN 

<3 

CM 

ro 

01 

■* 

rj 

cr 

O 

■r- 

>? 

1 

CO 

CO 

CM 

CO 

CD 

CO 

O 

<3 

T- 

0) 

c> 

•*- 

^T 

>» 

ro 

CO 

r- 

o 

LO 

[^ 

o 

f- 

CD 

CD 

0"' 

t- 

CO 

1 

CO 

CO 

t^  LO  CM  O  O  LO  O 

Ol  r-  01  -r-  rt  -r-  r} 

t~-  CM  Ol  CO  CO  O  00 

r-  cd  O  cm  r~-  O  ^ 

CM  CO  CD  CD  CD  CO  <tf 

^f  f  Tf  ^  V  LD  00 

co  co  co  co  co  ro  co 


104 

DIRECT      CONVERSION     OF      SOLAR     ENERGY     TO     ELECTRICAL 

ENERGY 

PATENTING   UPDATE    (1/79-10/79) 

Patent   No.  Assignee   &   Title 

4,131,984  Massachusetts    Institute    of    Technology;       Method    Of    Making 

A    High-Intensity   Solid-State    Cell 

4,132,223  E.     Garland    Reddell,     115     E.     26th    St.,     Yuma,     AZ    85364: 

Tracking   System   For   Solar   Energy   Collector 

4,132,570  Exxon      Research      &      Engineering      Company:  Structural 

Support   For   Solar   Cell   Array 

4.133.501  Communications      Satellite     Corp.:  Self-Deployable     Solar 
Cell   Panel 

4.133.502  RCA    Corporation:       Plural    Panels    Deployed    Effectively    As 
A    Single   Panel 

4.133.697  Robert     A.     Frosch,     Adm.     of     the     National     Aeronautics    & 
Space     Adm.     with     respect     to    an    invention    of     Robert     L. 
Mueller,     Azusa,     and     Robert     K.     Yasui,     Monterey     Park, 
both  of    CA:      Solar   Array   Strip   And   A   Method   For   Forming 
The    Same 

4.133.698  Texas     Instruments     Incorporated:        Tandem     Junction     Solar 
Cell 

4.133.699  Communications    Satellite    Corporation:       Shaped    Edge    Solar 
Cell   Coverslide 

4,134,387  Mobil      Tyco      Solar      Energy      Corporation:  Solar      Energy 

Concentrator 

4.134.392  Spectrum    Conversion  Inc.:      Solar   Energy   Collection 

4.134.393  Virgil   Stark:      Solar   Energy   Collection 

4,135,290  The    U.S.     of    America    as    rep,     by    the    Adm.     of    the    Nat'n 

Aeronautics  &  Space  Adm.,  Washington,  D.C.:  Method 
For  Fabricating  Solar  Cells  Having  Integrated  Collector 
Grid 

4,135,950  Communications    Satellite    Corporation:      Radiation   Hardened 

Solar   Cell 

4,136,309  Robert     L.      Galberth,      12452     Gilbert,     Garden     Grove,     CA 

92641;    Roy    L.    Arnold,    16262    Wishingwell    Lane,    Huntington 
Beach,    CA      92647;    &   John   C.    Bollinger,    9181    Heatherton, 
Cir. ,      Huntington     Beach,      CA         92646:  Power     Output 

Control  Circuit  For  Solar-Powered  Cathodic  Protection 
System 
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4,136,436  Texas  Instruments  Incorporated:      Light   Energy   Conversion 

4.137.095  Solarex     Corporation:         Constant     Voltage     Solar     Cell     And 
Method   Of   Making   Same 

4.137.096  Henry     B.      Maier,      6     Sealy     Ave.,      Hempstead,     L.I. ,      NY 
11550:      Low    Cost    System   For   Developing   Solar   Cells 

4.137.097  Joseph    E.     Kelly,     508    Island    St.,     La    Crosse,     WI        54001: 
Solar   Energy   Assembly 

4.137.098  The    U.S.     of    America    as    represented    by    Secretary    of    the 
Navy,    Washington,    D.C.:      Solar   Energy   Window 

4,137,902  Jesse    C.    Bunch,    816    Easley   St.,    Silver    Spring,    MP      20910: 

Energy   Concentrator   System 

4,138,532  Optel  Corporation:      N-Methylphenazine   Photogalvanic   Cell 

4,139,399  Solarex     Corporation:         Solar     Panel     With     Removable     Cell 

Matrix,    And   Method   Of   Making   Same 

4,139,858  RCA    Corporation:         Solar     Cell     With     A     Gallium     Nitride 

Electrode 

4,140,142  Anatoly    A.    Dormidontov,    ulitsa   Marii    Ulyanovoi,    11    kv   93, 

Moscow,      USSR     (&     8     other     inventors):         Semiconductor 
Photoelectric   Generator 

4.140.544  Atlantic       Richfield      Company:  Divergent       Luminescent 
Collector   For   Photovoltaic   Device 

4.140.545  Sharp     Kabushiki     Kaisha:        Plural     Solar     Cell    Arrangement 
Including  Transparent   Interconnectors 

4,140,591  Purdue    Research    Foundation:       Photoelectrolytic    Apparatus 

For   Water   Splitting 

4,140,610  Futaba      Denshi      Kogyo      Kabushiki      Kaisha:  Method      Of 

Producing   A   PN   Junction   Type   Solar   Battery 

4,141,811  Atlantic    Richfield    Company:       Plasma    Etching    Process    For 

The    Manufacture   Of   Solar   Cells 

4.143.233  Monsanto   Research   Corp.:      Solar   Energy   Collector 

4.143.234  Monsanto    Company:        Solar    Collector    Using    Total    Internal 
Reflectance 

4.143.235  Chevron         Research         Company:  Cadmium         Sulfide 
Photovoltaic   Cell   And   Method   Of  Fabrication 

4,144,094  Motorola,     Inc:        Radiation    Responsive    Current     Generating 

Cell   And   Method   Of  Forming 
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4.144.095  Mobil  Tyco   Solar  Energy   Corp.:      Solar   Energy   Assembly 

4.144.096  Kabushiki      Kaisha      Suwa      Seikosha:  Solar      Battery     And 
Method   Of   Manufacture 

4.144.097  Atlantic   Richfield   Company:      Luminescent    Solar   Collector 

4,144,139  Solarex   Corp.:      Method   Of  Plating   By   Means   Of  Light 

4,144,147  E.L    Du  Pont   de   Nemours   &  Co.:   Photolysis   Of   Water   Using 

Rhodate    Semiconductive   Electrodes 

4.146.407  Tatyana   A.    Litsanko,    ultisa  Trubnaya   11,    kv.    1Z;    Valery   N. 
Potapov,    ultisa    Timiryazevskaya,    13, kv.    213    and   Dmitry    S. 
Strebov,     Luganskaya     ultisa,      Zl,     all     of     Moscow,     USSR: 
Solar   Photoelectric   Module 

4.146.408  Richard    B.    Nelson,    Los    Altos    Hills,    CA:      Aspherical    Solar 
Cell   Concentrator 

4,146,790  Fraunhofer    -    Gesellschaft    zur    Forderung   der    Angewandeten 

Forschung  e.V.:  Apparatus  For  Converting  Light  Energy 
Into  Heat  Energy  By  Light  Concentration  By  Means  Of 
Fluorescent    Layers 

4,147,157  Ramig    H.     Zakhariya,     Z400    McBride    La.,     No.     50,     Santa 

Rosa,  CA  95401:  Self-Supporting  Active  Solar  Energy 
System 

4.147.560  Licentia        Patent-Verwaltungs         GmbH:  Solar        Cell 
Arrangment   For   Terrestrial   Use 

4.147.561  John     R.      Knight,     10     Milton     Rd.,     Gayton,     Northampton, 
England:      Solar   Energy   Collector 

4,147,563  United    States    of    America,    Department   of   Energy:      Method 

For  Forming  P-N  Junctions  And  Solar-Cells  By  Laser 
Beam   Processing 

4,148,05Z  Westinghouse   Electric   Corp.:      Radiant    Energy   Sensor 

4,148,Z98  Benjamin    F.     Sherman,     Jr.,     63 Z9    Mori    So.,    McLean,    VA 

ZZ101:  Hemispherical  Collector  Of  Direct  Dispersed  And 
Reflected   Waves 

4,148,299  Benjamin     F.     Sherman,     Jr.     6329     Mori     St.,     McLean,     VA 

22101:  Hemitoroidal  Collector  Of  Direct  Dispersed  And 
Reflected   Waves 

4,149,025  Vasile    Niculescu,    35B  Ridgeview  Heights,    West    Wellington, 

CN:  Method  Of  Fabricating  Thermoelectric  Power  Gener- 
ator  Modules 
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4,149,665  Robert     A.     Frosch,     Adm.     of     the    National     Aeronautics    & 

Space    Adm.     with    respect     to    an    invention    of;     Ernest     N. 
Costogue,      Tujunga;      Roy     G.      Downing,      Torance;      Orwin 
Middleton,     Reseda;     Robert    L.     Mueller,     Azusa;Robert    K. 
Yasui,     Monterey    Park;    Fred    J.     Cairo,    L.A.     &    Jerry    K. 
Person,     L.A.     all    of    CA;    Bonding    Machine    For    Forming    A 
Solar   Array   Strip 

4.149.902  Eastman  Kodak  Company;  Fluorscent  Solar  Energy 
Concentrator 

4.149.903  Solarex  Corporation:  Hybrid  Solar  Energy  Collecting 
Device 

4,151,005  Dmitry     S.     Strebkov,     Kirovogradsky    proezd,     3     korpus     1, 

Moscow,      U.S.S.R. ,      (and     5     others):     Radiation     Hardened 
Semiconductor   Photovoltaic   Generator 

4.152.174  Ogden  R.  Ludlow,  137  Third  St.,  P.O.  Box  206,  Renovo, 
PA  17764:  Photoelectric  Cell  Using  An  Improved 
Photoelectric   Plate    And   Plate   Array 

4.152.175  The     U.S.      of     America     as     represented    by     U.S.     Dept.     of 
Energy:      Silicon   Solar    Cell   Assembly 

4,152,490  Optel      Corporation:  Radiant      Energy     Converter     Having 

Storage 

4.152.535  The  Boeing  Company:  Continuous  Process  For  Fabricating 
Solar    Cells   And   The   Product   Produced   Thereby 

4.152.536  Mobil  Tyco   Solar  Energy   Corporation:      Solar   Cells 

4,152,597  Ronald    V.     Hansch,     203     NE    113,     Portland,     OR        97220: 

Electricity  Generator 

4,152,824  Mobil     Tyco     Solar     Energy     Corporation:         Manufacture     Of 

Solar   Cells 

4.153.474  Erno   Raumfahrttechnik   GmbH:      Solar   Energy   Collector 

4.153.475  Ross     B.     Hider,     2752     29th    St.,     &    Ross    J.     Hider,     4062 
Cherokee     St.,     both    of     San    Diego,     CA        92104:        Three 
Dimensional   Solar   Panel   Assembly 

4.153.476  Robert     A.     Frosch,     Adm.     of    the    National     Aeronautics    & 
Space    Adm.    with   respect    to    an   invention  of,    and   Benjamin 
Shelpuk,    Evergreen,    CO:      Double-Sided    Solar   Cell   Package 

4,153,813  Atlantic   Richfield   Company:      Luminescent    Solar   Collector 

4,154,998  TRW  Inc.:       Solar    Array   Fabrication    Method    And    Apparatus 

Utilizing  Induction   Heating 
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4,155,371  Atlantic   Richfield   Company;      Luminescent    Solar   Collector 

4,155,524  Societe        Nationale        Industrielle        Aerospatiale,        France: 

Device  For  The  Synchronized  Unfolding  Of  Articulated 
Elements  Carrying  Solar  Cells  In  A  Panel  Formed  By  A 
Series   Of  Articulated   Elements 

4,155,781  Siemens    Aktiengsellschaft:      Method    Of   Manufacturing    Solar 

Cells   Utilizing   Single-Crystal   Whisker    Growth 

4,155,785  International     Business     Machines     Corporation:        Process    Of 

Making   A   Radiation   Responsive   Device 

4.156.309  The     U.S.      of     America     as     represented     by     Adm.     of     the 
National       Aeronautics       &      Space       Adm.:  Method       Of 
Construction   Of   A   Multi-Cell   Solar   Array 

4.156.310  Hughes     Aircraft     Company:        High    Bandgap    Window    Layer 
For    GaAs   Solar   Cells   And   Fabrication   Process   Therefor 

4,156,622  Solarex       Corporation:  Tantalum       Oxide       Antireflective 

Coating   And   Method   Of  Forming   Same 

4,158,577  Arthur     G.      Milnes,     c/o     Carnegie-Mellon    Univ.,     Schenley 

Park,    Pittsburgh,    PA     15213:      High  Output   Solar   Cells 

4,158,591  Atlantic   Richfield   Company:      Solar   Cell   Manufacture 

4,159,212  Atlantic   Richfield   Company:      Luminescent    Solar   Collector 

4,159,354  Arthur     G.     Milnes,     1417    Inverness     Ave.,     Pittsburgh,     PA 

15217  &  Donald  L.  Feucht,  193  Penhurst  Dr.,  Pittsburgh, 
PA  15235:  Method  For  Making  Thin  Film  m-V  Compound 
Semiconductors  For  Solar  Cells  Involving  The  Use  Of  A 
Molten  Intermediate    Layer 

4,159,710  U.S.    Philips    Corporation:      Solar    Collector    Comprising    Solar 

Tracking   Means 

4,159,914  Photon  Power,    Inc.:      Photovoltaic   Cell 

4,160,816  RCA    Corporation:        Process    For     Storing     Solar     Energy    In 

The   Form    Of   An   Electrochemically   Generated   Compound 

4,161,657  Marlin       R.       Shaffer,       1957       Hubbard       Ave.,       Salt       Lake 

City,  Utah  84108:  Hydrogen  Supply  And  Utility  Systems 
And   Components   Thereof 

4,162,174  Massachusetts  Institute   of  Technology:      Solar   Cell   Array 

4,162,177  Solarex    Corporation:       Method    Of    Forming    Solar    Cell    With 

Discontinuous   Junction 
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4,162,505  RCA    Corporation:       Inverted    Amorphous    Silicon    Solar    Cell 

Utilizing   Cermet   Layers 

4,162,928  Robert     A.     Frosch,     Adm.     of     the    National     Aeronautics    & 

Space   Adm.;      Solar   Cell   Module 

4,163,194  California    Institute    of    Technology:      Voltage-Current-Power 

Meter   For   Photovoltaic   Solar   Arrays 

4,163,678  Robert     A.     Frosch,     Adm.     of    the    National     Aeronautics    & 

Space    Adm.    with   respect    to   and   invention  of,    and   Kenneth 
R.      Bube,      Skillman,      NJ:  Solar      Cell      With     Improved 

N-Region   Contact   And   Method   Of  Forming   The   Same 

4,163,987  Hughes   Aircraft   Co.:      GAAS-GAALAS   Solar   Cells 

4,164,123  Otto    J.M.    Smith,    612    Euclid    Ave.,    Berkeley,    CA      94708: 

Solar   Thermal   Electric   Power   Plant 

4,164,145  De   Laval    Turbine   Inc.:      Self -Powered    Electrical    Meter    For 

Display   Of  A   Liquid-Level   Or  The   Like   Measurement 

4.164.431  Eastman  Kodak  Company:  Multilayer  Organic  Photovoltaic 
Elements 

4.164.432  Owens-Illinois,    Inc.:      Luminescent    Solar   Collector   Structure 

4,164,698  Truimph   Werke   Nurnberg,    AG:      Battery   Charging   Circuit 

4,164,934  Robert    V.    Anderson,    3900    Sumercrest    Dr.,    Ft.    Worth,    TX 

76109:      Elliptical  Solar   Reflector 

4,165,241  Atlantic     Richfield     Company:         Solar     Cell     With    Improved 

Printed   Contact    And   Method   Of   Making  The   Same 

4,165,604  Citizen   Watch   Co.,    Ltd.:      Solar   Battery  Timepiece 

4,166,880  Solamat   Inc.:      Solar   Energy   Device 

4.166.917  Corning   Glass   Works:      Concentrating   Solar   Receiver 

4.166.918  RCA  Corporation:  Method  Of  Removing  The  Effects  Of 
Electrical  Shorts  And  Shunts  Created  During  The 
Fabrication   Process   Of   A   Solar   Cell 

4.166.919  RCA  Corporation:  Amorphous  Silicon  Solar  Cell  Allowing 
Infrared   Transmission 

4,167,015  RCA    Corporation:        Cermet    Layer    For    Amorphous    Silicon 

Solar   Cells 

4,167,461  Allied     Chemical     Corporation:         Photoenhanced     Reduction 

Process 


4,167,644  Exxon   Research   &    Engineering   Co.:      Solar    Cell   Module 

4,167,746  General    Electric    Company;       Radiation    Triggered    Thyristor 

With   Light   Focussing   Guide 

4,168,716  Herbert     Fowler,     P.O.     Box    11431,     Lexington,     KY       40511, 

Allan     Israel,      P.O.      Box     5627     Lexington,      KY        40505: 
Solar-Powered   Thermionic-Photoelectric   Laser 

4.169.738  Antonio  Lugue,  Leneros  29,  1°  B,  Madrid  20,  Spain: 
Double-Sided  Solar  Cell  With  Self-Refrigerating 
Concentrator 

4,170,507  Motorola,     Inc.:        Method    For    Encapsulating    A    Solar    Cell 

Array 

4,171,003  Commissariat      a     l'Energie     Atomique:  Solar     Energy     To 

Electrical   Energy   Converter 

4,171,617  Agency      of      Industrial      Science      and     Technology:  Solar 

Thermal   Electric   Systems 

4,171,989  Motorola,    Inc.:      Contact   For   Solar   Cells 

4,171,997  Brown,      Boveri,      &     Cie,      AG:  Method     Of     Producing 

Polycrystalline       Silicon       Components,       Particularly       Solar 
Elements 

4.172.739  Solar  Homes,  Inc.:  Sun  Tracker  With  Dual  Axis  Support 
For   Diurnal   Movement    And   Seasonal   Adjustment 

4.172.740  William  P.  Campbell,  m,  3310  Rowland  PI.,  NW, 
Washington,    D.C.      20008:    Solar   Energy   System 

4,172,925  Refac     Electronic     Corp.     &     Grumman     Aerospace     Corpor- 

ation,   (pt.   interest   to   each):      Photoelectrochemical   Cell 


DIRECT   CONVERSION   OF   SOLAR   ENERGY  TO   MECHANICAL   ENERGY 


This  profile  includes  systems  which 
utilize  thermal  energy  radiated  by  the 
sun  to  perform  useful  mechanical  work 
directly.  In  general,  these  systems  in- 
clude a  thermally  expansible  or  vapor- 
izable  working  fluid  which  is  heated  by 
solar  radiation.  The  pressurized  fluid 
thus  produced  is  used  to  drive  a  fluid 
motor. 
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SELECTED   PATENTS   FROM: 
Class   60,      Subclasses  398,641 
Class   244,    Subclasses    168,173 
Class   416,    Subclasses  37,41,85 
Class  417,    Subclasses   52,53,334,379 
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DIRECT  CONVERSION  OF  SOLAR  ENERGY  TO  MECHANICAL  ENERGY 


ASSIGNEES  WITH  1  OR  MORE  PATENTS  (1/69  -  12/78) 


UOP  INC. 

AAI  CORPORATION 

UNITED  STATES  OF  AMERICA,  DEPARTMENT  OF  ENERGY 

UNITED  STATES  OF  AMERICA,  NATIONAL  AERONAUTICS- 

AND  SPACE  ADM 
AGENCE  NATIONALE  DE  VALORISATION  DE  LA 

RECHERCHE   ANVAR 
BROWN,  ANDREW  GRAHAM 

CREATIVE  ENTERPRISES  INTERNATIONAL 
BILLI  S.P.A. 
GULF  OIL  CORPORATION 
KAY  LABORATORIES,  INC. 

FABBRICA  ITALIANA  MAGNETI  MARELLI  S.P.A 
MELVIN  CORPORATION 
MOBIL  TYCO  SOLAR  ENERGY  CORP. 
LAITRAM  CORPORATION 
SCHJELDAHL,  G.T.,  COMPANY 
THERMO  ELECTRON  CORPORATION 
PETERS,  WALTER  TODD 
WHEELABRATOR-FRYE,  INC. 


2* 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


^COMPOSITE  TOTAL,  SEE  APPENDIX  A 


1  1  5 


o 
DC 


o 
cj 


o 

Z 


CD 

> 

r- 

o 

^ 

cy 

CM 

LY 

en 

< 

tD 

_l 

x^ 

o 

T- 

LO 

■ • 

CD 

u_ 

z 

o 

l-H 

1- 

Z 

z 

o 

LU 

1— 4 

K 

LO 

< 

ly 

LY 

LU 

> 

Q 

z 

LU 

o 

Z 

u 

o 

l-H 

t- 

LO 

u 

1/1 

LU 

< 

ly 

D 

> 

cd 

ly 

3 
o 

D- 

cd 
z 

I— I 
to 

z 

LU 
LO 

> 

CD 

ly 

LU 

Z 

LU 

LY 

< 

_J 

o 
to 

D 

Z 
< 

ly 


o 

_j 
_i 
o 

D  Li. 

0  ' 

1  Z 
H  3 
LU    1/5 


O  h- 

Z  i-" 

<  3 

f-  (— 

Z  Z 


cd 

o 

z 

z 

< 

< 

LY 

LY 

LY 

DC 

< 

< 

CD 

CD 

z 

Z 

o 
to 


_J 

_j 

o 

o 

u 

o 

Q 

o 

Z 

z 

< 

< 

C5 

o 

Z 

z 

1 — 1 

\- 

I— 

< 

< 

a 

LY 

h- 

\- 

z 

z 

LU 

LU 

cj 

CJ 

Z 

z 

o 

o 

CJ 

o 

>- 

>- 

cd 

CD 

or 

ly 

LU 

UJ 

z 

z 

LU 

LU 

CY 

cc 

< 

< 

_l 

_J 

o 

o 

z 

to 

to 

o 

HH 

h- 

i 

1 

< 

LY 

O 

in 

^T 

a 

CO 

t-~ 

ly 

•t 

LO 

o 

<» 

■*)■ 

cj 

cn 

o 

a> 

o 

(— 1 

ro 

^r 

< 

< 

CY 

< 

CD 

z 

h- 

_J 

3 

> 

to 

o 

LU 

ly 

or 

LU 

z 

D 

LU 

Z 

< 

\- 

z 

to 

< 

Z 

l-H 

o 

o 

l-H 

< 

H 

LY 

ly 

o 

a 

a 

< 

_i 

ly 

o 

< 

to 

_i 

3 

2 

CD 

o 

3 

LY 

1- 

> 

CD 


to 

< 


UJ 

a 

h- 
< 

LU 

0- 


L0 

a 


a 

— 

I 

ly 

z 

>-( 

_J 

> 

< 

or 

LU 

1—1 

h- 

O 

> 

Z 

> 

< 

LL 

> 

_l 

D 

o 

LY 

LU 

Z 

CD 

Z 

> 

O 

z 

LU 

CJ 

O 

O 

z 

< 

z 
< 

z 

o 

CJ 

a 

i— » 

LO 

_l 

LY 
O 

CY 
LU 

2 

LU 

CD 

Z 

1- 

* 

UJ 

' — ' 

o 

a 

< 

U_ 

a 

2 

l-H 

< 

CJ 

X 

> 

t— 1 

ll 

z 

Z) 

CO 

i—i 

< 

o 

CD 

LU 

t- 

O 

< 

CJ 

s 

to 

Z 

3 

> 

CJ 

LY 

cr 

ly 

CY 

< 

t— 1 

LU 

O 

CD 

< 

H 

LU 

LU 

LU 

-J 

> 

i 

LO 

\- 

CD 

i— ) 

LY 

2 

CY 

Q 

I 

z 

I 

3 

h- 

CJ 

LO 

Z 

h- 

LU 

LU 

LU 

LU 

CJ 

LU 

CJ 

2 

*-* 

D 

1— 

> 

HH 

U 

3 

t— 

z 

a 

o 

LU 

LU 

Z) 

_l 

O 

o 

to 

> 

LU 

O 

to 

LU 

< 

D 

or 

< 

or 

cj 

< 
LY 

LY 

I 

< 

_l 

Q 

o 

LY 

CO 

LU 

Cl 

>- 

10 

U_ 

_j 
o 

K 

< 

_i 

< 

< 

3 

K 

0. 

Z 

a 

Q 

CJ 

CD 

o 

LO 

H 

_j 

o 

LO 

_i 

cy 

_j 
a 

h- 

to 

a 

o 

< 

2 

LU 

I 

> 

Z 

z 
o 

h- 

Cr 

_J 
< 

UJ 

LU 

o 

Z 

D 

to 

z 

h- 

LU 

h- 

l-H 

LY 

Z 

O 

D 

CD 

Z 

Q 

Ll 

< 

D 

_j 
< 

r> 

♦— i 

t— 1 

Q 
O 

2 
LU 

3 

o 

< 

LY 

to 

LY 

o 

LU 

2 

Ll 

Z 

1—4 

Z 

2 

u 

or 

z 

_j 

_j 

=) 

I 

h- 

_J 

LU 

LU 

< 

h- 

to 

hH 

D 

LO 

o 

LU 

z 

LU 

o 

LL 

_j 

CQ 

K 

LO 

UJ 

_J 

Z 

> 

LY 

LY 

LY 

3 

w 

3 

HH 

(- 

v-\ 

3 

t— ( 

LU 

t-H 

LU 

> 

> 

LU 

LU 

Z 

LU 

< 

O 

h- 

H 

to 

h- 

O 

h- 

U. 

LY 

LY 

2 

to 

*~i 

CJ 

CD 

o 

Z 

a 

1- 

LY 

< 

2 

< 

>- 

t- 

0. 

< 

o 

< 

1- 

CY 

a 

CJ 

LU 

LU 

O 

o 

to 

LU 

LO 

to 

»— 1 

Z 

S 

LO 

LY 

a 

CY 

LY 

CY 

Z 

CD 

o 

UJ 

h- 

l-H 

h- 

►—i 

z 

z 

CY 

z 

»— I 

LY 

LU 

LU 

O 

< 

O 

> 

> 

o 

_l 

CJ 

or 

LO 

LY 

LU 

:*: 

LU 

LU 

D 

HH 

o 

o 

U. 

Z 

CJ 

CJ 

_l 

LL 

z 

CD 

l-H 

2 

- 

_1 

LU 

O 

> 

O 

CD 

> 

h- 

t— t 

(- 

h- 

LO 

►— t 

F— 1 

O 

< 

CY 

H 

< 

< 

O 

_J 

_j 

to 

_j 

< 

LL 

►H 

z 

to 

LU 

LL 

< 

Z 

o 

h- 

> 

to 

to 

a. 

LU 

< 

LU 

CJ 

o 

_J 

< 

< 

h- 

O 

CY 

(— 1 

to 

z 

O 

LY 

< 

z 

< 

CD 

3 

2 

Z 

CY 

K 

l-H 

o 

> 

cd 

> 

to 

a 

l-H 

C3 

t- 

CJ 

LY 

LU 

1— 

CY 

LY 

h- 

O 

LU 

O 

LO 

CY 

CD 

CJ 

z 

i 

a 

s 

LO 

s 

< 

^ 

Z 

z 

z 

1— 

to 

LU 

< 

< 

U 

D. 

LU 

z 

LU 

l-H 

LU 

t—t 

o 

< 

LY 

LU 

to 

S 

LU 

o 

LU 

t— 1 

z 

CY 

o 

Z 

_l 

o 

LY 

CY 

LY 

LY 

2 

•-H 

LY 

a 

CL 

D 

h- 

i 

i 

< 

to 

Z 

(~ 

l-H 

CJ 

h- 

o 

< 

z 

LY 

LU 

3 

D 

< 

* 

< 

O 

< 

< 

z 

< 

2 

_J 

h- 

< 

_l 

t— i 

< 

<3 

LO 

h- 

z 

- 

< 

*-H 

_l 

o 

D 

DQ 

O 

a 

_1 

U 

_J 

LY 

_l 

LU 

3 

LU 

3 

LU 

DC 

o 

LY 

LY 

z 

>- 

< 

o 

LO 

LU 

H 

o 

t— 1 

> 

CY 

3 

H 

a 

1- 

O 

o 

LL 

3 

O 

—J 

a 

_l 

2 

S 

O 

LO 

a 

H 

< 

to 

LY 

CJ 

LU 

X 

< 

LO 

h- 

I 

< 

(- 

< 

to 

Z 

LO 

O 

1— 

to 

< 

< 

LY 

1— 1 

O 

t— i 

DC 

< 

_l 

LY 

o 

z 

Z 

3 

LU 

_J 

a 

LY 

O 

LY 

o 

LU 

CD 

CY 

to 

o 

i 

o 

i 

1 

LU 

I 

t— 

i 

< 

1 

LY 

1 

O 

1 

a 

l 

o 

i 

LO 

i 

I- 

i 

i 

h- 

1 

LU 

i 

1 

l-H 

l-H 

< 

DC 

z 

h- 

o 

h- 

CY 

LY 

_l 

- 

CJ 

(- 

H 

h- 

D 

LU 

t— » 

u 

< 

o 

CY 

o 

< 

_l 

LU 

< 

< 

cn 

< 

CN 

a. 

LO 

Z 

CD 

o 

00 

CO 

tY 

cn 

CJ 

in 

O 

r- 

u 

00 

3 

cn 

I 

"?f 

_l 

CO 

h- 

CD 

CM 

Z 

cn 

z 

CO 

LO 

< 

r- 

LU 

CD 

< 

CO 

_i 

CM 

O 

*- 

oo 

O 

CN 

> 

o 

CN 

< 

o 

LU 

r^ 

to 

CN 

LO 

LO 

r~ 

to 

CO 

1 

> 

cn 

CJ 

CD 

l-H 

00 

DQ 

IT) 

2 

cn 

r^ 

1— 

LO 

■^r 

Q 

CD 

oo 

LO 

r~- 

LU 

h- 

LU 

O 

00 

oo 

t— t 

cn 

h-H 

00 

o 

03 

< 

CN 

< 

^T 

Z 

CD 

CD 

LO 

LO 

_J 

tf 

O 

CM 

O 

CN 

t 

CJ 

m 

CJ 

t- 

i— t 

CO 

z 

LD 

1- 

to 

LY 

«r- 

ID 

_l 

LO 

DC 

00 

l-H 

O 

_l 

r- 

LY 

cn 

LU 

CN 

2 

LD 

LU 

00 

<3 

z 

cn 

z 

o 

_i 

cn 

3 

O 

< 

CD 

DO 

■*- 

Ll_ 

00 

CD 

h- 

cn 

> 

cn 

l-H 

cn 

LU 

cn 

3 

cn 

CY 

m 

t- 

cn 

O 

LU 

ro 

LU 

T 

_i 

m 

O 

t 

LU 

n 

CD 

■^J 

_J 

CO 

> 

CO 

i— i 

CO 

_l 

CO 

DQ 

CO 

t- 

ro 

I 

CO 

LU 

CO 

»— I 

CO 

^r 

CD 

CD 

l-H 

q: 

LY 

< 

D 

< 

< 

LU 

O 

LU 

CJ 

I 

Z 

< 

< 

DJ 

DQ 

O 

U. 

O 

^ 

_l 

2 

2 

Cl 

LO 

t- 

3 

1  1  6 


<i  < 

3  3 

a  to  co 

UJD   D 

1-   O   O 

<  z  z 

V 

3mm 

C3 

_l  _l 

Q' 

co  <  < 

UJ 

>- 

D  co  i/i 

Z 

C3 

Q' 

UJ 

Z 

u, 

_l 

Z 
(— 

CO 

_j 

5ALIN0 
N  FROM 
N  FROM 

LU 

_J 

< 

o 

z 

< 

2   O   O 

«3 

O 

< 

O   i-h  m 

I 

t— i 

T 

I- 

a  i-  t- 

u 

z 

Q. 

D 

u_  <  < 

LU 

< 

_J 

< 

Di   OT 

s 

I 

< 

>    UJ    UJ 

o 

UJ 

a  z  z 

o 

LU 

i 

u 

LU    LU    LU 

H 

2 

, 

< 

a 

>    O    O 
O 

Z 

o 

CO 

(j  a  a 

1- 

■ — 

LU    LU    LU 

>- 

a 

Q 

a  3  3 

C3 

> 

t~- 

z 

o  o 

a- 

o 

-\ 

< 

a  a  cl 

LU 

o: 

OJ 

LU 

Z 

UJ 

•»- 

CO 

h-   Q  Q 

UJ 

z 

a 

UJ 

<  z  z 

UJ 

1 

i— 

Q_ 
D 

3   <   < 

< 

d: 

cn 

■D 

or 

lu  ;>-  >- 

_J 

< 

CD 

< 

h- 

_i  o:  or 

O 

_J 

\ 

Z 

O 

CD    LU    LU 

i/l 

O 

t- 

o 

»-^ 

<     >     > 

lo 

^~ 

Cx 

_l 

Q- 

1-  o  o 

a 

o 

Uj 

UJ 

o 

o  a  u 

z 

U- 

z 

< 

I 

1— 

0-    LU    LU 

►H 

o 

t— 1 

□ 

on  a 

h 

1— 

_J 

D 

s 

o 

a 

z 

z 

< 

UJ 

2a  o; 

LU 

o 

UJ 

z 

D£ 

_J 

<    LU    LU 

> 

HH 

1— 

o 

Ll 

< 

h-    1- 

z 

CO 

< 

t— 1 

3 

5 

Z    <    < 

o 

D£ 

a 

h- 

O 

a 

O  3  3 

CJ 

LU 

< 

a. 

u. 

t— < 

> 

D 

z 

I 

1—     LU    LU 

or 

z 

UJ 

^ 

h- 

<     _l    _l 

O 

o 

Z 

es 

or  dq  do 

u 

o 

a 

< 

Q 

_J 

LU  <  < 

»—i 

a 

LU 

< 

Z  t-  (- 

CO 

h- 

CO 

HH 

2 

a 

LU    O    O 

•  Z> 

u 

CO 

a 

UJ 

•— < 

O  Q-  a 

O  \- 

UJ 

< 

Uj 

2 

z  < 

Q' 

2* 

a 

< 

a  a:  a: 

►-H  or; 

1 — 1 

< 

< 

I 

LU    <    < 

< 

D 

_l 

CJ 

3   -J   -J 

lu  a 

U_ 

D 

Uj 

o  o  o 

>  a 

i 

O 

LO 

2 

a  co  uo 

a  < 

> 

CO 

1 

o 

u; 

1 

1 

i     i     j 

Ct     i 

cc 

t- 

o 

LU 

<I 

h- 

Z 

H 

LO 

o 

cn  IT)  CD 

<  r- 

UJ 

CO 

00 

ro 

■  p-  r-  r» 

or  t- 

cd 

CD 

u  in  cn  cn 

CD   *T 

a 

D 

00 

r- 

Z  r\i  oo  a) 

<  cn 

< 

UJ 

f- 

oo 

<-<  r~  t--  i> 

-1    CO 

_j 

H 

CD 

cn 

O  O  O 

lu  cn 

o 

•— i 

ro 

ro 

a  t  m-  Tf 

LU  m 

co 

Z 
3 

O 

Z3 

I 
3 

1  1  7 


h- 

oo 

CO 

i- 

D 

Z 

■»- 

<tf 

o 

O 

O 

LD 

in 

UJ 

\ 

in 

< 

in 

CM 

CJ 

a 

oo 

u 

03 

r- 

< 

N 

< 


in 
O 


CD 

03 

03 

03 

< 

T" 

CM 

n 

t- 

ro 

T- 

CM 

O 

■*- 

r- 

o 

r- 

T 

CO 

O 

CM 

< 

LO 

1— 

T- 

CO 

0~) 

01 

o 

O 

a 

UJ 
h- 
< 

a 

CJ1 

> 

< 

< 

i— 

co 

< 

< 

< 

< 

z 

o 

o 

> 

in 

o 

u 

u 

CJ 

2 


< 
a. 


00 

a 

o 

\- 

z 

UJ 

> 

> 

Z 

C5 

t-H 

cc 

LU 

— 

z 

CO 

LU 

t~ 

_l 

CM 

< 

*- 

CJ 

i 

»-H 

in 

z 

r- 

< 

\ 

I 

■»- 

o 

— 

CO 


UJ 

D 


O 

i/> 


I/) 
CO 
<i 

H 
Z> 


o. 

< 

K 

Z 

O 

X 

> 

a 

>— < 

CJ 

o 

z 

d: 

CO 

LU 

LU 

D 

O 

z 

Z 

X 

UJ 

H-t 

CL 

or 
< 

_1 
o 

CO 

Q 

LU 

h- 
U 

LU 

_J 
_J 

o 
o 

e> 

z 

3 

>— < 

Q 

UJ 

0T 

< 

> 

o 

O 

< 

co 

a 

I 

> 

H- 

a 

Q 

<3 

z 

0- 

«- 

< 

LU 

O  \- 

O 

cm  a 

CD 

O  uj 

en 

■*  > 

03 

z 

o 

u 

or 

o 

"3  CJ 


i— 
or 

LU 
> 

z 
o 
CJ 


_J 

_J 

o 

_J 

< 

o: 

►— < 

Z 

Li- 

UJ 

o 

> 

o 

Zj 

_j 

1/3 

K 

1— 

O 

< 

LU 

CO 

< 

n 

u_ 

1- 

_J 

LU 

co 

U_ 

< 

o 

or 

_j 

Z 

GO 

I 

CJ 

< 

CO 

or 

o 


< 
> 

CO     HH 


CN 
03 


COT 


CO 

or 


LU 

CL 

> 

Uj 

z 

<J 

3 

<! 

C3 

II 

I 

a. 

Z 

1— 

Cr 

m 

cj 

h- 

<r 

*- 

►-< 

T- 

00 

cj 

CM 

<? 

13 

03 

CM 

a 
o 

0- 

o. 

IX 

o 

u_ 

>- 

cj 

o 

CO 


> 

1/3 

z 
o  o 

_j  a 

<    CO 


1/3 

Z 

< 

or 

< 
a 

CL 

< 


CJ 

Or 

D 

CO 

l/l 

l/l 

LU 

Q 

_J 

UJ 

UJ 

o 

(— 

CJ 

D 

UJ 

z 

< 

a 

<3 

z 
o 

CO 

CL 

\- 

c 

o 

1/3 

_J 

u 

I 

o 

h- 

z 

_3 

O 

CO 

LU 
> 
< 

> 

1- 

CJ 

co 

< 

or 

1— 

H 

UJ 

z 

I 

>-i 

Z 

►-I 

h- 

_i 

UJ 

o 

<3 

or 

UJ 

a 

a. 

1 

a. 

< 

UJ 

in 

n 

o 

(— 

CM 

T" 

CO 

CD 

o 

oo 

CD 

or 
o 

i— 

■a 

D 
LU 

z 

UJ 

CJ 
Or 

UJ 

O 

a 

«* 

>- 

DO 

Z 

o 

< 

0T 

UJ 

Z 

UJ 

13 

< 

n 

Q 

LU    LU 


CO 
CO 

UJ 

O 
O 
DC 

a 


uj  o 
z  >- 


CJ 
C/3 


CJ 

< 

CO 

CD 
00 


z 

h-   < 

CO    _l 
LU    D_ 


DC 

UJ    D_ 


<-i  CJ 

>  DC 

CO  UJ 

CJ  Z 

Z  LU 


I-    < 

_3  uj 
CJ    I 


CO 

< 

3 


o 

CO 


D 
Z 
< 


CO 

13 
C) 

z 

00 

O  UJ 
t-   DC 

13 
•  I— 

UJ  < 
I-  Q. 
Ct   UJ 


> 

o 
o 


cj  a 
DC  a. 


> 

h- 

»-H 

UJ 

DC 

> 

^ 

O 

z 

UJ 

z 

LU 

UJ 

> 

0£ 

a 

HH 

1— 

DC 

z 

Q 

Q 

z 

O 

< 

< 

< 

LU 

_l 

O 

CJ 

< 

< 

o 

> 

o 

or 

o 

CJ 

UJ 

Q. 

< 

o 

<I 

> 

h- 

or 

ct 

UJ 

a 

D 
< 

CY 
< 

_J 

I 

LU 

O 

1- 

< 

z 

DC 

LU 

Z 

UJ 

L3T 
< 

_J 

"D 

DC 

o 

u_ 

CO 

Z 
< 

y- 

Z 

o 

u 

> 
CJ 

or 

UJ 

D 

CO 
13 
V- 
< 

< 

a 

u 

DC 

UJ 
LU 

< 

CO 

1- 
<i 

LU 
I 

DC 

< 

—1 

<l 

UJ  . 
CL 

o 

DC 
< 

□a 

CO 

D 
I— 
< 
DC 

cu 

CO 

U 

LU 
_l 

UJ 

< 

UJ 

UJ 

3 
O 

a 

a 
< 

CJ 

o 
z 
< 

o 
o 

X 

f- 

UJ 

O 

o 

o 

LU 

z 

a. 

O 

o 

o 

a 

C3 

D 

u 

2 
< 

CO 

CO 

CO 

2 

LU 

< 

CO 

CO 

CO 

«s 

CO 

CO 

S. 

Z 

, 

u 

i 

, 

i 

, 

DC 

, 

1 

i 

1 

u_ 

, 

1 

, 

I 

□- 

UJ 

UJ 

u. 

o 

> 

1— 

HH 

O 

DC 

1- 

D£ 

M- 

UJ 

in 

03 

1- 

CM 

D. 

r- 

_J 

CM 

CD 

DC 

ID 

CO 

CD 

q: 

'J 

03 

UJ 

r~- 

>!} 

z 

13 

T- 

"3 

00 

UJ 

03 

LU 

O 

LU 

CM 

< 

in 

X 

m 

UJ 

in 

D 

CD 

i— 

l>- 

oo 

Mi 

03 

in 

UJ 

I 

CD 

Z 

CO 

O 

03 

Z 

f- 

_J 

•^ 

> 

CD 

DC 

O 

_* 

03 

UJ 

03 

KH 

•^3' 

CD 

CJ 

L!3 

CD 

> 

l- 

O 

i— i 

r- 

> 

CD 

DC 

■^ 

K 

^r 

LU 

oo 

< 

00 

CJ 

CM 

CJ 

*- 

S 

oo 

X 

in 

13 

03 

CQ 

CD 

z 

o: 

T- 

or 

•^ 

q: 

C33 

13 

03 

3 

O 

I 

CD 

_J 

03 

LU 

CM 

UJ 

03 

t-H 

CD 

1— < 

CD 

or 

t- 

or 

oo 

1-1 

< 

o 

CD 

O 

DD 

CD 
03 

CD 

o 

"3- 

CO 

O 

CJ 

03 
03 

o 

03 
CO 

Q 

-? 

Q 

O 

o 

O 

D 

03 

en 

Q 

03 
03 

LU 

0> 
00 

l/l 


in 
O 
in 


o 

CO 

o 

Z 

O 

J7 

> 

t-H 

o 

CJ 

1— 

or 

or 

o 

Lu 

LU 

UJ 

Q 

z 

J 

r: 

z 

LU 

_J 

z 

D 

o 

0. 

D  >-• 

co  or 

CO 

o 

CO 

_J   1- 

LU    < 

UJ 

UJ 

Q 

<   CJ 

S  -J 

2 

>- 

•2. 

LU 

Z   13 

<  o 

< 

CJ 

< 

or 

O   D 

■j  CO 

~D 

or 

^> 

UJ 

Q   O 

LU 

3 

or 

1- 

z 

O 

a 

co 

UJ 

a 

o 

i 

> 

O 

or 

or 

CJ 

< 

< 

or 

3 

-i 

_j 

LU 

O 

o 

o 

z 

_J 

CO 

CO 

LU 

I    00 

I    00 

I  - 

1-    CD 

u  in 

u  in 

a  in 

UJ    1- 

K  O 

i-  r- 

I-   CD 

ar  •<? 

lu  m 

UJ     Tj 

UJ    CM 

or  oo 

-1  CD 

_)  'J 

_j  f- 

<   CD 

u.  O 

u-  O 

u_   03 

CJ   O 

•^ 

^f 

03 

■ST 

1  1  8 


> 

oc 

h- 

r- 

O 

■^ 

m 

r^ 

■*- 

Q 

z 

00 

M- 

O 

O 

CD 

CO 

o 

O 

■r- 

o 

[-■ 

o 

O 

LU 

\ 

CD 

ro 

00 

ro 

CD 

CD 

o 

a 

T- 

ro 

co 

00 

»- 

in 

< 

t— < 

a. 

N 

O 

CD 

O 

I-- 

co 

00 

CD 

r-~ 

-— 

■^r 

10 

o 

o 

o 

co 

CM 

CM 

LO 

•q- 

1— 

CD 

CD 

CD 

r- 

CD 

CD 

c 
in 

<x< 


< 

< 

< 

< 

id 

< 

< 

o 

u 

o 

u 

o 

cj 

CJ 

X 

LU 

<3 

o 

-J 

a 

1/5 

D 

< 

_l 

O 

LU 

< 

a 

LU 

^H 

i- 

> 

CJ 

< 

oc 

D 

< 

O 

CO 

> 

z 

I 

LU 

oc 

o 

o 

LU 

Z 

ll 

1/5 

o 

h- 

or 

z 

< 

o 

2 

> 

LU 

u. 

1-H 

< 

LU 

.-s 

s 

LU 

LU 

^H 

2 

1- 

LU 

_J 

a 

>- 

< 

2 

X 

1/5 

a 

a 

Q 

h- 

»- 

< 

a 

Z> 

< 

h- 

Q. 

< 

D 

1— 1 

a 

>— 1 

to 

Z 

CO 

z 

a 

< 

a 

CO 

HH 

h- 

1 1 

1— 

o 

c 

< 

< 

O 

D 

< 

< 

_j 

LU 

< 

o 

1/5 

s 

< 

CO 

s 

LL. 

2 

Si 

K 

1/5 

CO 

o 

CO 

a 

c 

z 

HH 

h- 

co 

_l 

< 

I 

a 

o 

o 

CL 

a1 


Z 
=> 

CO 


CO 


CJ 

LU 

CC 

1-1 
O 


o 
1/5 


cr> 
a 
D 


cc 

<— 1 

< 

co 

^ 

i/i 

o 

<3 

CO 

z 

D 
< 
O 


< 

Q 

a 


CO 

or  r~ 

lu  in 
q  in 
_i  oo 
■->  co 
o  O 


< 

*r- 

LU 

T- 

u 

1 

Cx 

CD 

c 

1— 1 

in 

h- 

O 

o 

z 

r- 

co 

■*- 

CO 

< 

\. 

X 

*- 

o 

— 

LU 

rr 

CO 

□ 

Z 

H 

UJ 

1- 

>- 

< 

cc 

O 

a 

"D 

CL 

CI 

D 


a; 


CO 

D 


a 


LO 

h- 

2  < 

_l  LU 
LU  I 

•  DC 
Z  < 

_i 
"3-  O  >- 
CM  CO  C3 

i-    a 

i-  LU  LU 

_J  z 

00  LU 

< 

CO  a 
=3  < 

-I 
o  o 

Z  co 
i— < 
a  C3 

DC  Z 

CU  l-i 

LL  M 

CO  i-i 

Z  -J 

<  M 

a  t- 


CD 

O  co 


z 

oo  < 
in  a 

a 
< 


o 
to 


0_ 

Cx 

o 

CO 


or 

< 

2 


I 

CO 

LU 

D 

> 

00 

LU 

CO 

tY 

< 

z 

K- < 

o 

a 

> 

10 

i— i 

T~ 

to 

n 

^r 

DC 

O 

CU 
> 

Z 

o 

CJ 

D 

z 
< 

00 

Ci 
CJ 

o 


CX 


CO 

cc 

LU 

a  2 

0.  LU 

z>  \- 

I-  co 

> 

00  CO 

ro  C3 

CD  Z 


a 
Z 
o 
o 


H 

> 

CO 

LU 

< 

D 

1- 

i 

CY 

h- 

< 

2 

r~ 

3 

(- 

□ 

CM 

> 

CO 

a 

< 

LL 

_i 

> 

3 

O 

< 

Q 

CO 

75 

O 

rf 

o 

r^ 

CO 

CO 

LL 

CO 

^r 

ro 

CD 

CM 

CO 

a 
z 
< 

CJ 

2  o 

*  o 

o  r- 

i-i  co 

-J  O 

O  CD 
CO 


X 

i-i  CM 

o:  O 

0  t- 

z  ■»- 

LU  CO 

1  o 


Z  TT 

O  CD 

i-  in 

Ct  CD 

0  o 

1  o 


a:  r~~ 

lu  in 

c:  in 

z  oo 

X5  co 

I  O 


CM  CD 

in  O 

Z  CO  CM 

I  m  oo 

<  O  CD 

^>  CD  CD 

co  co 


I 
o 


00 
>  CD 
_l  CO 
_J  CO 
LU  CM 
*  O 


t-  in 

CO  CD 
cc  CM 
i-i  t- 

^  CD 

co 


Z  CD 

i-h  co 

H  O 

CC  »- 

<  O 

S  CD 

ro 


o:  O 
<  r-- 
U-  co 
o  oo 
2  CD 
co 


cc 

LU  00 

-J  o 

^  CD 

CJ  "C 

LU  CM 

s  o 


cc  CO 

lu  in 

-J  o 

_i  in 

M  tD 

2  O 


Q 

Z  CD 

<  CM 

_l  t- 

3  CO 

LU  CO 

z  o 


< 

T 
CO 
LU 


a.  cc 

3 

Q 

K 

D 

D 

00 

1-H 

K 

LU 

DC 

LU  LU 

> 

< 

U) 

►H 

< 

2 

< 

_l 

LU 

D  00 

t- 

a 

or 

Li_ 

< 

m 

D 

o 

< 

l/l 

CJ 

- 

< 

3 

O 

< 

2 

C3 

_J 

_J 

LL 

3 

00 

cc 

KH 

Cj 

a 

Z 

z 

z 

Z 

< 

o 

O 

o 

u 

> 

o 

< 

<t 

LU 

z 

DC 

^ 

_1 

CJ 

a 

CO 

1—1 

I 

CO 

2 

o 

DC 

a 

Q 

O 

CD 

DC 

LU 

13 

C3 

HH 

1—1 

LU 

h- 

O 

LU 

> 

C3 

< 

h- 
U 

o 

z 

< 

Z 

Z 

a 

h- 
< 

_J 

o 

2 

2 
DC 

DC 

C3 
DC 

LU 

Z 

LU 

z 

>- 

LU 

1-H 

> 

H 

H 

D 

a 

1—1 

O 

LU 

t- 

LU 

U 

u 

t— 1 

(3 

_1 

t- 

t- 

a 

CJ 

U 

DC 

2 

D 

00 

DC 

I 

< 

z 

l-H 

n 

C3 

CC 

D 

LU 

< 

z 

a 

LU 

LU 

i— i 

CO 

r> 

< 

2 

_) 

< 

_J 

K 

LU 

to 

LU 

> 

D 

z 

CC    LU 

u 

D 

> 

•a 

CU 

LU 

o 

_J 

_J 

D 

I 

LU 

a 

O 

DC 

< 

DC 

LU 

_J 

_l 

Z 

I 

LU 

a 

LU 

D 

O 

D  LU 

LU  Z 

< 

O 

_J 

^H 

_i 

O 

z 

_l 

_J 

_l 

_l 

K 

_J 

z 

i 

H- 1 

< 

I 

o 

LU 

Q 

o 

_1 

DC 

o 

D 

_J 

DC 

LU 

>  LU 

z 

a 

O 

1- 

_l 

a 

CY 

LU 

o 

o 

o 

< 

l 

DC 

D 

D 

_l 

_J 

_l 

U 

CO 

CL 

LU 

(- 

D 

DC 

< 

o 

< 

Cl. 

DC  DC 

I— < 

Cj 

a 

Z 

CJ 

Z3 

o 

z 

CJ 

CJ 

Z 

> 

<3 

LU 

li 

< 

_l 

D 

h- 

CC 

H- 

_l 

LU 

< 

_l 

3 

>- 

Z 

LL  O 

_J  LU 

LU 

> 

cc 

< 

< 

DC 

LU 

LU 

DC 

O 

H 

I 

DC 

D 

2 

M 

CO 

►— i 

LU 

o 

< 

1-H 

DC 

I 

O 

_J 

CJ 

o 

oc 

_l  h- 

O  h- 

_l 

i 

< 

a 

LU 

CJ 

H 

< 

Lt 

DC 

o 

i— i 

u 

LU 

LU 

DC 

3 

2 

D 

_J 

DC 

2 

LU 

CJ 

to 

LU 

DC 

D 

o 

<  CJ 

< 

CC 

3 

< 

o 

CD 

CO 

3 

LU 

D 

O 

LU 

3 

UJ 

Ll 

< 

_l 

LU 

o 

O 

_J 

LL 

LL 

z 

O 

I 

1-H 

DC 

a. 

O 

K 

Z 

LU 

Z5 

z 

LL 

0- 

D 

LU 

a_ 

1— 

Z) 

O 

o 

D_ 

CO 

LU 

t^ 

DC 

u 

I 

CO 

DC 

CJ 

2 
LU 

2 

LU 

D 

DC 

DC 

LL 

h- 

DC 

DC 

O 
U 

DC 

CO 
UJ 

DC 

h- 

CO 

z 

< 

h- 

t- 

H 

I 

< 

< 

I 

< 

< 

< 

O 

< 

CC 

Z 

< 

_J 

cc 

co 

co 

C3 

_i 

—I 

O 

C3 

_l 

_l 

3 

_l 

o 

_l 

< 

=> 

LU 

o 

< 

> 

>- 

i— i 

o 

o 

3 

i—i 

o 

O 

O 

O 

DC 

o 

LU  Q- 

CO 

I7 

CO 

CL 

CO 

CO 

I 

CO 

CO 

K 

I 

00 

CO 

_J 

CO 

a 

CO 

DC  LO 

lu  rr 

2  ">- 

X  00 

I-  CM 

O  CD 
CO 


1  19 


t- 

oo 

in 

■9 

Q 

z 

ro 

00 

rr 

u 

i- 

TT 

O 

LU 

\ 

ro 

O 

•»- 

CD 

a 

00 

10 

CM 

< 

t-H 

a 

N 

UO 

t 

in 

CM 

oo 

O 

*- 

O 

01 

00 

in 

O 

oo 

O 

•*- 

oo 

in 

cm 

i 

00 

r- 

oo 

CM 

^r 

oo 

CD 

ID 

oo 

oo 

o 

1— 

V- 

r\i 

CM 

>» 

O 

o 

O 

o 

T- 

in 

m 

O 

O 

oo 

OO 

CD 

-- 

"- 

M- 

CM 
CN 


t— t 

UJ 

< 

Z 

or 

u_ 

t— < 

*— < 

>C 

a 

L- 

h- 

CD 

_J 

Z 

i— < 

z 

*— » 

LU 

S 

or 

o 

Z 

< 

_J 

*— ( 

3 

UJ 

h- 

LU 

X 

X. 

_J 

_J 

CD 

3 

o 

LU 

U 

o 

□ 

< 

I 

_J 

t— i 

"D 

CJ 

■»- 

_l 

Q_ 

< 

3 

< 

Q 


o 

00 

z 

LU 

o 

a 

q  oo 

u 

Z   Q 

O  -J 

< 

CO 


a 

o 

cj 


< 

I 
a. 


to 
ex 

o 


LU 

> 

>      z 

a: 

uj        — 

Z  03 


LU 
> 


< 

*- 

cj 

i 

»— 1 

in 

z 

r- 

< 

\ 

I 

•»- 

o 

w 

UJ 

S 

to 

l- 

o 

Z 

1- 

UJ 

1- 

> 

< 

o 

a. 

or 

tx 

00 

i— 

00 

oo 

CM 

Ct 

l-H 

< 

l/l 

_l 

oo 

o 

< 

oo 

Z 

r) 

U_ 

O 

Z 

o 

t— 1 

00 

a 

LU 

> 

z 

o 

o 

t- 

CJ 

LU 

or 

o 
a 

LU 

z 

LU 

OT 
< 

_J 

o 

CO 


< 

z 


CX  CM 

LU  i- 

^  y 

tx  up 

<  CM 

a  O 


LU 

or 

D 

n 

< 

o 

_l 

o 

00 

LU 

D 

> 

LU 

Z 

< 

z 

i— < 

►—I 

3 

>- 

OJ 

_J 

or 

^ 

_J 

Z) 

< 

LU 

h- 

S 

* 

I 

OO 

in 

>- 

O 

T- 

1— 1 

^r 

o 

3 

O 

cj 
< 

oo 

Or 

i— i 
< 

Z 

o 

<j 

u 

LU 

<3 

< 

cj 

"r" 

-J 

< 

CD 

a. 

LU 

I 

3 

i- 

I 

Z 

10 

t- 

It 

<» 

> 

n 

O 

a 

T- 

I 

or 

z 

3 

LU 

LU 

Z 

z 

z 

V- 

LU 

tO 

in 

"•- 

< 

T" 

_J 

CM 

D 

10 

< 

•q- 

o 

or 

LU 

1- 

or 

LU 
> 
Z 

o 

cj 

> 
or 

CM 

CJ 

z 
< 

X 
cj 

LU 

o 

> 

•>? 

x.  in 

<  r- 

>  10 

_J  CM 

O  CM 

a  -- 


oo       o  oo 

v       cd  in 

•■-  LU    T- 


3   00 

o  oo 

Cl    O 


i/i  o 

LU  00 

Q  ^ 

0  r- 

1  CM 

or  O 


<o 
o 

CM 


h- 

or 

LU 

or 

O 

LU 

Z 

LU 

LU 

> 

LU 

Z 

CO 

> 

►—< 

LU 

(-H 

z 

UJ 

or 

Z 

o 

u 

< 

or 

LU 

LD 

o 

or 

LU 

or 

_j 
o 

a 

< 

< 

a 

Q 

l/l 

o 

LU 

>- 

LO 

h- 

o 

o; 

LU 

Z 

or 

O 

U- 

Z 

LU 

LU 

Lu 

o 

»-H 

2 

z 

O 

LU 

UJ 

h- 

UJ 

z 

z 

_J 

^ 

or 

or 

o 

S 

LU 

O    LU 

o_ 

< 

or 

< 

D 

D 

t-H 

< 

Z 

LU 

a. 

»~t 

< 

I 

t- 

or 

l/l 

(-H 

t-H 

tx  tx 

X. 

n 

_i 

_i 

Z 

O 

< 

or 

_) 

(J 

z 

LL.     O 

o 

i/i 

_i 

O 

t— * 

D 

3 

LU 

_) 

z 

i 

_J  h- 

< 

t-H 

i/i 

LU 

or 

O 

> 

t-H 

LU 

o 

<  a 

■D 

K 

3 

or 

l- 

LU 

Z 

3 

"D 

< 

< 

3 

i/i 

o 

u 

LU 

UJ 

O 

u 

*-H 

tx 

I 

LL. 

l- 
or 

1- 

_J 

cx 

or 

o 

u 

< 

< 

< 

1/) 

CL 

LU 

or 

_l 

_i 

UO 

a 

or 

D 

o 

o 

< 

:_o 

t-H 

> 

lo 

l/l 

S 

10 

Q 

I 

00 

u.  in 
u.  oo 

or  O 


oo 

in 
oo 

01 
CM 


h-  10 

LU  V 

3  t- 

I  * 

CJ  en 

to  O 


> 

< 

I 
h 

CN 


3 

l/l 

r-- 

oo 

o 

CN 


z  z 

1—1    1 — 1 

d  o 

z  z 

(- 

LU    LU 

or 

_J 

LU 

or  or 

or  lu 

LD 

o  o 

<  z 

o 

1—  H 

LU    i-h 

or 

o  o 

O 

<  < 

z 

LU    LU 

LU 

or  or 

or 

or  or 

< 

<  < 

_J 

_j  _j 

o 

o  o 

LO 

l/l  l/l 

CJ  in  cm 

O  -r-  -r- 

<  r^  i- 

or  ^r  to 

CJ  CM  CM 

LO  O  O 


LO 

> 

1/1 

2 
o 


o 

or 

O 

U- 

Z 

o 

t— 1 

LO 

or 

LU    LU 

UJ 

LU 

1-    > 

h- 

u 

1-  z 

h- 

or 

uj  O 

LU 

O 

-J  U 

_l 

u. 

h- 

or 

a 

1/0 

<  < 

< 

z 

2 

S 

o 

■r- 

l/l 

t-H 

r~ 

•  < 

l/l 

UJ 

LU 

or 

^ 

LU 

3 

CM    CJ 

CM 

> 

*-  z 

r- 

z 

t- 

03   < 

00 

o 

m 

■»-    >- 

t- 

CJ 

00 

D 

ID 

< 

CD 

l/l 

C3 

<3 

Z 

a 
o 


o 
_j 

QJ 

CD 

Z 


LO 
> 
LO 

z 
I  > 

O  C5 

"D  or 

LU 


o 

00 


<  oo 

I  oo 

LO    O 


uj  Z 

<  UJ 

or  or 

LO  LU 


or  h- 
< 

-J  3 

O  O 

LO  _J 


_i  oi  in 

LU   t-  o 

13  O  r- 

uj  co  •»- 

oo  O  O 

1  '? 


LO 


IT; 
00 


(3 

-J  z 

uj  uj 
< 

or  uj 

lo  or 

—  3 

LO 
O0 
LU 

or 
a 


_J  h- 

UJ  ■<- 

O  O 

UJ  CD 

i-i  00 

oo  O 


or 

CJ 

z 
in  m 


or  i- 
or  oo 

-  LU 
CO  I- 
t-  LO 
CM  > 
00 
K 

O  d 
CD  Z 


Z 

I  or 
O  < 

~D  _l 
O 
00 


or    i 
< 

cj  in 


h-  oo 

oo  oo 

oo 


z 
o 


D 
cj 

> 

a 


oo  or 

LU   < 


<  O 

"3   00 


CO 

o 
(J 


LO 

z 

LU  00 

X  in 

a  o 

lu  m 

t-  co 

co  o 


<  CD 

or  or 


D 
co 


Q. 

>-h  LO 

o:  oo 

D  r- 

_i  ^r 

<  oo 

3  O 

"ST 


120 


h- 

IT) 

i- 

c 

Z 

O 

*- 

U 

00 

ID 

LU 

\ 

CM 

oo 

C3 

Cl 

CM 

oo 

< 

*— t 

Q. 

M 

O.i 
CO 

CM 
CO 


CD    O 

cn 


CM 
00 


co 
< 

< 

< 
D 


lo 
oo 

rj 

co 

00 


^r  O 

CO 
00 


Q. 
O 


ID 


I 

a 


ro 

o 

CM 


< 

CJ 

z 

el 
I 


in 
Q 

LU 

> 
Z 
D 
CJ 


CJ 
LU 
CX 

t— i 

Q 


O 

ex 

LU 

z 


< 


O 
CO 


Cl 

^ 

< 

co 

_l 

0"! 

O 

< 

to 

Z 

CO 

I 

t- 

X 

CO 

LO 

o 

a 


a 

3  < 

UJ 

I 

Q 

2 

UJ 

u, 

CK 

K 

LU 

LO 

3 

a  > 

o 

i-H  CO 

a. 

_l 

-J  (3 

Z  -J 

>-  Z 

I  LU 

I  >-< 

o  z 

a  h 

"O  < 

< 

a 

LU 

I 

_i 

< 

ex 

^ 

< 

ex 

_j 

L'J 

o 

i: 

CO 

h- 

et 

o 

a 

h- 

LU  ■>- 

00 

Z 

_J  00 

CO 

r- 

UJ 

LU  LO 

LU 

CD 

> 

LU  CO 

1- 

»- 

Z 

I  *- 

< 

in 

i — i 

3  O 

> 

O 

■q- 

•7 

q: 
D 

Z 


z 

C5 

CO 
CO 

< 


CO 

h- 

Z 


CO 
C5 

z 


CO 


D 


O 
Z 

o 

CJ 

D 
Z 
< 

o 

z 


o 

a 

t- 
co 

CD 
U 

3 

a 


cc 
^  o 

LU  Cl 
h-  < 
CO    > 

> 
co  or 

LU 

CD  h- 
Z  < 
-h  3  I-  < 


UJ 


co 

I-    O  h-  < 

1l5  <  J 

,-f  ao 

_l    (J  <  CO 

i-i  a 

s  a. 

<  <  z 

z  >-< 

>  or  f- 

Q  lu  a 

0  cj  LU 
S  3  > 

a  a  z 

LU  CO  O 

1  Z  U 


LU    O 

cj 


C£ 

a  o 

o  u- 
i— 

<  s 

CK  LU 

LU  I— 

Z  CO 

LU  >- 

Cl  LO 

CX  Z 

UJ  O 

3  ►-< 

O  CO 

a  ex 


Z   Q 


> 

O   Q 


a.  ex 

o 


ex  < 

(-1    LU 

<  I 


ct 

LU    < 


>-i    LU    Z    LU 


UJ 


or  or 

<  < 


o  o 

CO   CO 


< 
IX  ex  ex 

<  <  < 

-J  _l  Cl 
O  O  Cl 
CO   CO   < 


>  H 

LU    < 

D    LU 

I 
ex 

LU  Q 

U-  LU 

CO  K 

Z  < 

<  a 

or  lu 

i-  a 
o 
> 

O  ex 

ex  o 

LU    h- 


N 


CJ 

ex  > 

LU  C) 

z  a 


or  lu 
< 

_i  ex 

o  < 

CO  _i 

o 

Q  CO 


I-  Z  O  _l 


I-   Q 

<  z 


I  3 


CM    O 

T 
eg 

in 
oo 


O  CD 

cd  r- 

CM  CD 

CM  "7 

in  in 

t-  00 

00  00 


in  ^r 

cm  r- 

■r-  00 

r-  oo 

LU  oo  ^j 

ex  •>-  oo 

3  oo  oo 
t- 
o 

d:  in  cm 

I-    CD  *- 

CO    CM  O 

*-  cn 

LU    CM  O 

>    -r-  CO 

i-i   CO  CO 

t- 
u 

LU 

Li-    CD  O 

LU    00  00 

ex  cm  r- 

y-  00 

_J    *-  CM 

LU    00  00 

z 
< 

a 

O  r- 

CX    00  CM 

LU    "tf  00 

cl  r-  cm 

<   CD  00 

CL   O  CM 

00  00 


> 

or  O  r- 

n  r~  cm 

O  cd  in 

oo  oo 

oo  r- 

l      O  CM 

ro  oo 


OOCDCDCMOOr^incMOOOO 

Ocn^'Jinooxninn 
cnoor--oor-oooocDoor~- 

IDOOl^tOlNCMCM'- 

ooooo-^inooincMOOT 
^TTLnincDCDr-oooooo 
oooooooocooooocooooo 


21 


DIRECT   CONVERSION   OF   SOLAR   ENERGY   TO   MECHANICAL   ENERGY 

PATENTING   UPDATE    (1/79-10/79) 

Patent   No.  Assignee   &   Title 

4,135,367  National     Aeronautics     And    Space     Adm.:        Thermal    Energy 

Transformer 

4,138,850  Dimiter     I.      Tchernev,      9     Woodman     Rd.,      Chestnut     Hill, 

MASS;         Sorption     System     For     Low     Grade      (Solar)     Heat 
Utilization 

4,141,218  Eric    R.     Rayboy,     Apt.     No.     J-215,     11273    N.     Kendall    Dr., 

Miami,    FLA     33176:      Bouyancy  Operated   Sunmill 

4,143,517  Elmer    Compton,     6038    W.     Catalina,    Phoenix,     AZ       85033: 

Thermal   Energy 

4,144,716  Edsal    Chromie,    6720    Belle    Glade,    San   Diego,    CA      92119: 

Solar   Powered   Engine   And  Tracking   System 

4 ,  147 , 414  William    H.     Raser,     6451     W.     83rd    St.,     Los     Angeles,     CA 

90045:      Sunlight    Concentrator   For   Energy   Conversion 

4,150,923  John   C.    Wardman,    1060    San   Tomas    Aquino   Rd.,    Campbell, 

CA       95008:        Reciprocating    Pump    Powered    By    Solar    And 
Wind   Energy 

4,159,629  A.L.    Korr    Associates,    Inc.:      Apparatus  For   The    Collection 

And   Conversion   Of   Solar   Energy 

4,167,856  Messerschmitt-Bolkow   Blohm:      Solar-Thermal  Power   Plant 
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SOLAR   COLLECTORS   AND   CONCENTRATORS 


This  profile  includes  systems  and 
elements  which  are  intended  to  collect 
and/or  concentrate  solar  radiation  so 
that  its  energy  may  be  used  directly  or 
converted  to  other  forms  of  energy. 
The  collector  or  concentrator  element 
is  usually  in  the  form  of  a  lens  or  a 
reflector. 

ACTIVITY   INDICES    (1976-1978) 

GROWTH  66.7% 

FOREIGN   SHARE  12.0% 

CORPORATE   OWNED  35.9% 

GOVERNMENT   OWNED  7.6% 

U.S.   OWNED   OF   FOREIGN  9.1% 


INCLUDED  IN   THIS  PROFILE  ARE  ALL  OF 
THE   PATENTS   FROM: 

Class   353,    Subclass   3 

AND  SELECTED  PATENTS  FROM: 

Class   60,      Subclasses  398,641,698 

Class   244,    Subclasses   58,168,173 

Class   350,    Subclasses   211,    288-290,292- 

296,299,    300 
Class   416,    Subclasses   37,    41,    85 
Class   417,    Subclass   334 


PATENT   ACTIVITY 

BY  PATENT  GRANT  DATE 
1969-1978 


TOTAL 

A A A 

U.S.  ORIGIN 


Patents   60 


45- 


30  - 


1969    70  71     72    73    74    75    76    77  78 


BY  APPLICATION  FILING  DATE 
1967-1976 


TOTAL 

A- * A 

U.S.  ORIGIN 
FOREIGN  ORIGIN 
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SOLAR  COLLECTORS  AND  CONCENTRATORS 


ASSIGNEES  WITH  1  OR  MORE  PATENTS   (1/69  -12/78) 

UNITED  STATES  OF  AMERICA,  NATIONAL  AERONAUTICS 

AND  SPACE  ADM  6* 

WESTINGHOUSE  ELECTRIC  CORP.  4 

UNITED  STATES  OF  AMERICA,  DEPARTMENT  OF  ENERGY  4 

GENERAL  DYNAMICS  CORPORATION  3 

UOP  INC.  3 

BOEING  COMPANY  2 

MINNESOTA  MINING  AND  MANUFACTURING  COMPANY  2 

GOODYEAR  AEROSPACE  CORPORATION  2 

THE  UNIVERSITY  OF  CHICAGO  2 

BAUSCH  +  LOMB,  INCORPORATED  2 

OWENS-ILLINOIS  INC.  2 
AGENCE  NATIONALE  DE  VALORISATION  DE  LA 

RECHERCHE   ANVAR  1 

BROWN,  ANDREW  GRAHAM  1 

ECOTHERMIA,  INC.  1 

BOURDON,  LEO  1 
EREVANSKOE  OTDELENIE  VSESOJUZ-NOGO 

PROEKTNOISSLEDOVATELSKO-G  1 

E-SYSTEMS,  INC.  1 

EMERSON  ELECTRIC  CO.  1 

AEROJET-GENERAL  CORPORATION  1 

GRUMMAN  AEROSPACE  CORPORATION  1 

GULF  OIL  CORPORATION  1 

INFRARODTEKNIK,  AB  1 

ITEK  CORPORATION  1 

LAITRAM  CORPORATION  1 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  1 

MOBIL  TYCO  SOLAR  ENERGY  CORP.  1 

MEGA  ANALYTICAL  RESEARCH  SERVICES,  INC.  1 

NEOTEC  CORPORATION  1 

MOTOROLA  IMC.  1 

ARGUS  ENGINEERING  COMPANY  1 

OAK  RIDGE  SOLAR  ENGINEERING,  INC.  1 

PERKIN-ELMER  CORPORATION  1 

PITNEY-BOWES,  INC.  1 

RAYTHEON  COMPANY  1 

ROHR  INDUSTRIES  INC.  1 

SANDERS  ASSOCIATES  INC.  1 

SCHJELDAHL,  G.T.,  COMPANY  1 

SOLAR  DYNAMICS  CORPORATION  1 

TRW  INC.  1 

SUEHIRO  SEIKI  COMPANY,  LTD.  1 

UNITED  STATES  OF  AMERICA,  NAVY  1 

UNITED  TECHNOLOGIES  CORPORATION  1 

GENERAL  ATOMIC  COMPANY  1 

GENERAL  ELECTRIC  COMPANY  1 

BATTELLE  DEVELOPMENT  CORPORATION  1 

UNIVERSITY  OF  KENTUCKY  RESEARCH  FOUNDATION  1 

VARIAN  ASSOCIATES,  INC.  1 

UNITED  STATES  OF  AMERICA,  AIR  FORCE  1 

NIPPON  ELECTRIC  COMPANY,  LTD.  1 

*COMPOSITE  TOTAL,  SEE  APPENDIX  A 
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SOLAR   COLLECTORS   AND   CONCENTRATORS 
PATENTING   UPDATE    (1/79-10/79) 

Patent   No.  Assignee   &   Title 

4,132,074  James    L.     Lowe;        Paving     And     Solar     Energy     System     And 

Method 

4,132,223  E.     Garland    Reddell,     115    E.     26th    St.,     Yuma,     AZ       85364: 

Tracking   System   For   Solar   Energy   Collector 

4.133.501  Communications      Satellite      Corporation:  Self-Deployable 
Solar   Cell   Panel 

4.133.502  RCA    Corporation:       Plural    Panels    Deployed    Effectively    As 
A    Single   Panel 

4,134,387  Mobil      Tyco      Solar      Energy      Corporation:  Solar      Energy 

Concentrator 

4,134,393  Spectrum    Conversion,    Inc.:      Solar   Energy   Collection 

4,135,367  National     Aeronautics     And    Space    Adm.:        Thermal    Energy 

Transformer 

4,135,493  Acurex      Corporation:  Parabolic      Trough      Solar      Energy 

Collector   Assembly 

4,136,671  Carl      L.      Whiteford,      3     High     Point     Rd.,      Westport,      CO 

06902:      Electromagnetic   Radiation   Reflector 

4,136,674  A.L.     Korr    Associates,     Inc.:        System    For    Solar    Radiation 

Energy   Collection   And   Conversion 

4,137,897  Walter     T.      Moore,      782     Mardigras     Ct.,     Camarillo,     CA 

93010:      Unified    Array   For   Collection   And   Concentration   Of 
Solar   Energy 

4,138,850  Dimiter     I.      Tchernev,      9     Woodman     Rd.,      Chestnut     Hill, 

MASS:  Sorption     System     For     Low     Grade      (Solar)      Heat 

Utilization 

4,138,994  Robert    M.    Shipley,    Jr.,    259    Candlelight    Dr.,    Santa    Rosa, 

CA      95401:      Solar   Heating   Unit 

4,139,270  James    T.     Dotson,    Lot    No.    109,    Rancho    Del    Sol,    Gilbert, 

AZ   85234:      Panel   Mounting   Apparatus 

4,139,286  Leopold    A.    Hein,    Rt.    7   Fayetteville,    TN     37334   &  William 

N.    Myers,    4306B    Boxwood    Ct.,    Huntsville,    ALA      35805: 
Apparatus   For    Concentrating   Solar   Energy 
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4,141,626  FMC    Corporation:       Method    And    Apparatus    For    Collecting 

Solar     Radiation     Utilizing     Variable     Curvature     Cylindrical 
Reflectors 

4,142,514  Solation  Products,    Inc.:      Solar   Heat    Collector 

4,144,716  Edsal    Chromic,    6720    Belle    Glade,    San    Diego,    CA      92119: 

Solar   Powered    Engine   And   Tracking   System 

4,144,873  Donald    F.     Porter,     130    Ramsey    PL,     Albany,     NY       12209: 

Solar   Heat    Collector 

4,146,408  Richard    B.    Nelson,    Los    Altos    Hills,    CA:      Aspherical   Solar 

Cell   Concentrator 

4,147,158  Chang   Chieh-Tsung:      Multi -Layered   Solar   Energy   Collector 

4,147,414  William    H.     Raser,     6451    W.     83rd    St.,     Los    Angeles,    CA 

90045:      Sunlight    Concentrator   For   Energy   Conversion 

4 ,  148 ,  163  Societe    Nationale    Industrielle    Aerospatiale:       Synchronizing 

Mechanism     For     The     Unfolding     Of     Carrier     Elements     For 
Solar   Cells 

4.148.297  Benjamin    F.     Sherman,     Jr.,     6329    Mori    St.,     McLean,     VA 
22101:      Collector   Of  Direct   Dispersed   And  Reflected   Waves 

4.148.298  Benjamin    F.     Sherman,     Jr.,     6329    Mori    St.,     McLean,    VA 
22101:        Hemispherical    Collector    Of    Direct    Dispersed    And 
Reflected    Waves 

4.148.299  Benjamin  F.  Sherman,  Jr.,  6329  Mori  St.,  McLean,  VA 
22101:  Hemitoroidal  Collector  Of  Direct  Dispersed  And 
Reflected    Waves 

4,148,564  Commissariat     a     l'Energie     Atomique:         Solar     Sensor     With 

Linear    Concentrator    With    A    Fixed    Receiver    And    Movable 
Mirrors 

4,149,521  James    C.     Fletcher,     Adm.    of    The    National    Aeronautics    & 

Space    Adm.     with    respect     to    an    invention    of    Charles    G. 
Miller,     Pasadena,     &    James     B.     Stephens,     La    Crescenta, 
Both  of   CA:      Solar   Energy   Collection   System 

4,149,777  Jesse    C.     Bunch,    816    Easley    St.,    Silver    Spring,    MP   20910: 

Radiation   Concentrating   System 

4,149,817  James    C.     Fletcher,     Adm.     of    the    National    Aeronautics    & 

Space    Adm.     with    respect     to    an    invention    of    Charles    G. 
Miller,     Pasadena     &     James     B.     Stephens,     La     Crescenta, 
Both      of      CA:  Primary      Reflectro      For      Solar      Energy 

Collection   Systems   &    Method   Of   Making   Same 
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4,150,663  Kenneth   J.    Sisson,    Z0    Sunken   Meadow  Rd. ,    Northport,    NY 

11768;      Solar   Energy   Collector   &   Concentrator 

4,150,923  John   C.    Wardman,    1060    San   Tomas    Aquino   Rd. ,    Campbell, 

Ca  95008;  Reciprocating  Pump  Powered  By  Solar  And 
Wind   Energy 

4,153,474  Erno      Raumfahrttechnik      GmbH,      Bremen,      Fed.      Rep,      of 

Germany;      Solar   Energy   Collector 

4,154,219  E-Systems,    Inc.;      Prismatic    Solar    Reflector    Apparatus   And 

Method   Of  Solar   Tracking 

4,155,347  Contraves   AG,    Switzerland;      Solar   Radiation   Collector 

4,155,524  Societe   Nationale   Industrielle   Aerospatiale;      Device   For   the 

Synchronized  Unfolding  Of  Articulated  Elements  Carrying 
Solar  Cells  In  A  Panel  Formed  By  A  Series  Of  Articulated 
Elements 

4,159,629  A.L.    Korr    Associates,    Inc.;      Apparatus   For   The    Collection 

And   Conversion   Of   Solar   Energy 

4,160,577  Pyreflex   Corporation;      Heat   Recuperator 

4,161,942  Robert    F.    Monk,    4640    Country    Creek,    Apt.    1255,    Dallas, 

TX   75236;      Solar   Energy   Collector 

4,162,824  Horace    Z.     Ma,     1420    Farwood    Dr.,     Lansing,     MI       48823; 

Nonimaging   Radiant    Energy   Collector   And   Concentrator 

4,164,123  Otto    J.M.     Smith,     612    Euclid    Ave.,     Berkeley,     CA    94708; 

Solar   Thermal   Electric   Power   Plant 

4,166,446  BBC  Brown  Boveri  &   Co.,    Ltd.;      Solar   Collector 

4,168,696  Donald   A.    Kelly,    58-06   69th  PI.    Maspeth,    NY  11378;      Four 

Quadrant,  Two  Dimensional,  Linear  Solar  Concentration 
Panels 

4,170,985  Agence       Nationale       de       Valorisation       de       la       Recherche 

(ANVAR);      Solar   Energy   Collector 

4,171,695  Solar       Energy       Technology,        Inc.;  Image       Collapsing 

Concentrator  And  Method  For  Collecting  And  Utilizing 
Solar   Energy 

4,172,443  Warren    T.     Sommer,     2608    N.     Humboldt    Blvd.,    Milwaukee, 

WI  53212;  Central  Receiver  Solar  Collector  Using  Analog 
Coupling   Mirror   Control 

4,172,739  Solar    Homes,    Inc.;       Sun    Tracker    With    Dual    Axis    Support 

For   Diurnal   Movement    And   Seasonal   Adjustment 
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ELECTRICITY   GENERATED   BY   WIND 


This  profile  includes  systems  and 
specialized  components  which  generate 
electricity   from    wind. 


ACTIVITY  INDICES    (1976-1978) 

GROWTH  73.3% 

FOREIGN   SHARE  17.7% 

CORPORATE   OWNED  17.7% 

GOVERNMENT   OWNED  0.0% 

U.S.    OWNED   OF   FOREIGN  0.0% 


INCLUDED    IN    THIS   PROFILE    ARE      ALL 
OF   THE   PATENTS   FROM: 

Class   290,    Subclasses  44,45 

AND    SELECTED   PATENTS  FROM: 

Class   60,  Subclasses  398,641,698 

Class   244,  Subclass   58 

Class   322,  Subclasses   2R,    2 A 

Class  415,  Subclasses   2-5,    7,8 

Class  416,  Subclasses  37,    41,    85,    DIG  4 

Class  417,  Subclass  334 
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ELECTRICITY  GENERATED  BY  WIND 


ASSIGNEES  WITH  1  OR  MORE  PATENTS  (1/6  9  -12/78) 


GRUMMAN  AEROSPACE  CORPORATION  2 

BAUMGARTNER,  FRANKLIN  W.  1 

ADAMS,  BEATRICE  N.  1 

BROWNE  ENGINEERING  CORPORATION  1 
B.V.  VURO  VORR  WETENSCHAPPELI JKE  EN 

TECNISCHE  ONTWERPEN  WTO  1 

CANADIAN  PATENTS  +  DEVELOPMENT  LIMITED  1 

CLC  CORPORATION  1 

DAIMLER-BENZ  AKTIENGESELLSCHAFT  1 

KIELEY  +  MUELLER,  INC.  1 

GLICK,  LOUIS  MICHAEL  1 

LASER  VIDEO,  INC.  1 

MATER,  MILTON  H.  1 

K.M.P.  LAKE  PUMP  MFG.  CO.  1 

NATIONAL  RESEARCH  DEVELOPMENT  CORPORATION  1 

NATURAL  ENERGY  SYSTEMS,  INC.  1 

MEGATECH  CORPORATION  1 

RAYMOND  LEE  ORGANIZATION,  INC.  1 

RCH  ENERGY  CORPORATION  1 

POLYTECHNIC  INSTITUTE  OF  NEW  YORK  1 

STICHTING  ENERGIEONDERZOEK  CENTRUM  NEDERLAND  1 

TIPPS,  THOMAS  R.  1 

SMITH,  HERMAN  P.  1 

UNEP  ENERGY  SYSTEMS  INC.  1 

UNITED  STATES  OF  AMERICA,  NAVY  1 

TURBOMACHINES,  INC.  1 

WIND  POWER  SYSTEMS,  INC.  1 

WINDSUNWATT,  INC.  1 

VARTA  BATTERIE  AKTIENGESELLSCHAFT  1 

ZEPHYR  WIND  DYNAMO  COMPANY  1 
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ELECTRICITY   GENERATED   BY   WIND 

PATENTING  UPDATE    (1/79-10/79) 

Patent  No.  Assignee  &   Title 

4,132,499  Ben     Gurion     University;        Wind    Driven    Energy     Generating 

Device 

4,134,707  Marion    H.     Ewers,     P.O.     Box    526,     La    Veta,     CO       81055: 

Wind   Turbine   Apparatus 

4,134,708"  Bradley    O.     Brauser,     1512     Nicklas,     Oklahoma    City,     OK 

73127,    and   Stanley   O.    Brauser,    511    Ranchwood,    Yukon,    OK 
73099:    Wind   Driven   Electric   Power   Plant 

4,137,009  Board    of    Regents    University    of    Nevada    System:       Pivoted 

Blade    Barrel   Rotor   Wind   Turbine 

4,140,433  Oliver     C.     Eckel,     75     Grove    St.,     Wellesley,     MASS    02181: 

Wind   Turbine 

4,141,215  Concepcion    Cadalzo,    80    Van    Wagenen    Ave.,    Jersey    City, 

NJ     07306:      Windmill   Mechanism 

4,142,822  Frank   P.    Herbert   2145  Ivy  St.,    Port   Townsend,    Wash  98366 

and   John    Ottenheimer,    P.O.    Box   1378,    Lopex   Island,    Wash 
98261:      Panemone    Windmill 

4,142,830  Walter     Schonball,     Thuringerstrasse     6,     D-53     Bonn,      Fed. 

Rep,     of    Germany:       Mechanical    Overload    System    For    Wind 
Generators 

4,143,522  World   Energy   Systems:      Windmill   Operated   System 

4,143,992  Charles    W.     Crook,     Rte.     1,     Box    35,     Earle,     AK       72331: 

Wind   Operated   Power    Generator 

4,146,264  Louis      Michael      Glick:  Load     Control     For     Wind-Driven 

Electric   Generators 

4,146,800  Stephen     E.      Gregory,      1605     N.      State     St.      and     Alma     K. 

Schurig,     231     E.     700    N.     Both    of    Orem,     Utah        84057: 
Apparatus     And     Method     Of     Generating     Electricity     From 
Wind   Energy 

4,148,192  Troy      A.      Cummings,      912      Margate     Ter.,      Chicago,      ILL 

60640:       Internal    Combustion    Electric    Power    Hybrid    Power 
Plant 

4,149,092  Spie-Batignolles      &     Societe      Generate      de     Techniques     et 

d'Estudes,       both      of      Puteaux,       France:  System      For 

Converting    The     Randomly    Variable     Energy    Of    A    Natural 
Fluid 


1  52 


4.150.300  Martin    Van    Winkle,     R.F.D.     No.     1,     Ashland,     NH       03217; 
Electrical   And   Thermal   Energy   Supply   System   For   Buildings 

4.150.301  Karl      H.      Bergey,      Jr.,      Rt.      1     Box     151-B,      Norman,      OK 
73069:      Wind  Turbine 

4,150,923  John   C.    Wardman,    1060    San   Tomas    Aquino   Rd.,    Campbell, 

CA    95008:        Reciprocating    Pump    Powered    By    Solar     And 
Wind   Energy 

4,154,556  George     W.     Webster,     110     Crow    Rd. ,     Glasgow,     Scotland: 

Devices   For   Utilizing   The   Power   Of  The   Wind 

4,159,191  Clinton  L.    Graybill,    P.O.    Box  396,    Superior,    Mont.    59872: 

Fluid  Rotor 

4,159,426  Ronald  R.    Staton,    R.D.    No.    1,    Box   298,    Barto,    PA     19504: 

Energy   Conversion   System 

4,160,170  United    Technologies    Corporation:       Wind    Turbine    Generator 

Pitch   Control   System 

4,161,658  United    Technologies    Corporation:       Wind    Turbine    Generator 

Having  Integrator   Tracking 

4,162,410  James    L.     Amick,     1464    Cedar    Bend    Dr.,     Ann    Arbor,    Mi 

48105:      Vertical-Axis    Windmill 

4,164,382  General   Atomic   Company:      Wind   Driven   Power   Apparatus 

4,166,222  John    Hanley,    P.O.    Box    1423,    Conrad,    Mont.    59425:      Wind 

Wheel  Apparatus  For   Use    With   A   Hydro-Electric   Dam 

4,166,596  William    J.     Mouton,     Jr.,     Box    10515,     New    Orleans,     LA 

70181    &  David  F.    Thompson,    2540   Green  St.,    Chester,    PA 
19013:      Airship  Power  Turbine 

4,167,372  Unep  3   Energy   Systems,    Inc.:      Integrated   Energy   System 

4,168,439  F.     Neto    Palma,     263    Keele    St.,    Toronto,     Canada:       Wind 

Turbine 

4,171,491  Stichting       Energieonderzoek       Centrum       Nederland,        The 

Hague,        Netherlands:  Plant        For        Generating       And 

Accumulating   Electric   Energy   With  The   Aid   Of   Wind   Power 
or   Solar   Energy 


1  53 


TIDE   AND   WAVE   ENERGY   USE 


This  profile  includes  systems  which 
utilize  the  energy  of  tidal  or  wave  mo- 
tion in  large  uncon  fined  bodies  of 
water,  relying  almost  exclusively  on 
the  periodic  vertical  component  of  the 
fluid  motion  to  do  the  work.  These 
systems  operate  by  converting  the  rela- 
tively rapid  periodic  rise  and  fall  of 
the  water  into  reciprocating  mechanical 
motion  by  means  of  a  buoyant  member. 
This  mechanical  motion  is  then  utilized 
to  perform  the  desired  task.  Not  in- 
cluded are  systems  which  artificially 
confine  bodies  of  water,  such  as 
tidal-storage  type  hydroelectric  sys- 
tems. 

PRTENT  ACTIVITY 

BY  PATENT  GRANT  DATE 
1969-1978 


TOTAL 

h * A 


INCLUDED  IN  THIS  PROFILE  ARE  ALL  OF 
THE  PATENTS  FROM: 

Class   60,      Subclasses  495-507 

Class   290,    Subclasses  42,53 

Class  417,    Subclasses   330-333 
AND   SELECTED   PATENTS   FROM: 

Class   60,      Subclass  398 

Class  415,    Subclasses   2-5,    7,8 

Class   416,    Subclass   85 

Class  417,    Subclasses   53,334,379 

ACTIVITY  INDICES    (1976-1978) 


GROWTH 

FOREIGN      SHARE 
CORPORATE   OWNED 
GOVERNMENT   OWNED 
U.S.    OWNED   OF   FOREIGN 


18.7% 

12.1% 

0.0% 

0.0% 


Patents 


U.S.    ORIGIN 
FOREIGN  ORIGIN 


BY  APPLICATION  PILING  DATE 
1967-1976 


TOTAL 

U.S.  ORIGIN 
FOREIGN  ORIGIN 
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TIDE  AND  WAVE  ENERGY  USE 


ASSIGNEES  WITH  1  OR  MORE  PATENTS  (1/69  -  12/79) 


THERMO  ELECTRON  CORPORATION  2 

UNITED  STATES  OF  AMERICA,  NAVY  2 

LAITRAM  CORPORATION  2 

SULZER  BROTHERS  LIMITED  2 

WESTINGHOUSE  ELECTRIC  CORP.  2 

AMERICAN  AIR  FILTER  COMPANY,  INC.  1 

AQUALECTRA  1 

AQUATECH  CO.,  LTD.  1 

COOPER,  GEORGE  F.  1 

FOSTER  WHEELER  CORPORATION  1 

INSITUFORM  (PIPES  +  STRUCTURES)  LTD.  1 
INTERNATIONAL  TELEPHONE  AND  TELEGRAPH  CORPORATION    1 

ALLIS-CHALMERS  CORPORATION  1 

L.  C.  STEINMULLER  GMBH  1 

LUCAS  INDUSTRIES  LIMITED  1 

MARTIN  +  BOTTING  DEVELOPMENTS  LIMITED  1 

OCEAN  POWER  GENERATION,  INC.  1 

OMARK  INDUSTRIES,  INC.  1 

S+S  RESEARCH  +  DEVELOPMENT  CORPORATION  1 

TREADWELL  CORP.  1 

AMERICAN  CYANAMID  COMAPANY  1 

UNITED  STATES  OF  AMERICA,  ARMY  1 

UNIVERSITY  COLLEGE  OF  NORTH  WALES  1 

WILLIAMS,  INC.  1 

WAVEPOWER  LIMITED  1 

WINDSUNWATT,  INC.  1 
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TIDE   AND   WAVE   ENERGY   USE 

PATENTING  UPDATE    (1/79-10/79) 

Patent   No,  Assignee   &   Title 

4,132,901  Don    Crausbay,     P.O.     Box     1279,     St.     Thomas,     VI        00801; 

Electric   Power    Generating   System 

4,134,023  The    Sec,    of    State    for    Energy    of    the    UK  of    G.B.    &    N. 

Ireland,    England;       Apparatus   For   Use  In  The   Extraction   Of 
Energy   From    Waves   On   Water 

4,134,710  DeWitt    T.    Atherton,    407    W.    E  St.,    Encinitas,    CA     92024; 

Simultaneous  Plural-Directional  Flow    Motor 

4,135,366  Israel     Siegel,     351     W.     71    St.,     NY,     NY    10023;       Valveless 

Differential  Temperature    Engine 

4,137,005  Outdoor     Enterprises     of     America,      Inc.;         Oceanic     Wave 

Powered   Prime   Mover 

4,139,984  The    Sec,    of    State    for    Energy    of    the    UK   of    G.B.    &    N. 

Ireland,     England;    Device    For    Deriving    Power    From    Wave 
Energy 

4,141,218 
4,141,670 


4,142,823 
4,143,990 


Eric 

R. 

Rayboy,    Apt. 

J-215,    11 

273 

N. 

Kendall 

Dr., 

Miami, 

FL 

33176:      Buoyancy 

Operated 

Sun 

mill 

The 

Sec 

.     of    State    for    Energy 

of 

the 

UK    of 

G.B. 

& 

N. 

Ireland,      England:         Device     For     Extracting     Energy     From 
Water   Waves 


Eugene     Nickell,      Eldon     Glenn     Nickell 

and     Earl      Jerome 

Nickell:      Current   Power   Plant 

Francisco     J.G.      Atencio,     Estafeta     Dr. 

Garcia,     Diamante 

Entre    Rios,     Argentina:       Dam    With    Movable    Hydroelectric 
Assembly 


4,145,882  Ivar    Thorsheim,    Kalkfjellet    15,    1370   Asker,    Norway:      Wave 

Power    Generator 

4,145,885  Yedidia   Solell,    Rav-Ashi   1,    Tel  Aviv,    Israel:      Wave   Motor 

4,149,092  Spie-Batignolles     and     Societe     Generate     de     Techniques     et 

d 'Etudes:        System    For    Converting    The    Randomly    Variable 
Energy   Of  A   Natural  Fluid 

4,151,423  Frank    J.     Hendel,     721     Johnson    St.,     San    Luis    Obispo,     CA 

93401:      Flowing   Saline   Water    Magnetohydrodynamic   Electric 
Generator 
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4,152,895  Lockheed   Corporation:      Wave   Powered   Motor 

4,152,898  Bechtel       International       Corporation;  Energy       Transfer 

Appartus   And   Method   Using   Geothermal   Brine 

4,156,347  Huan-Hsiung    Meng,     No.     5,     Chung    Ta    Hsin    Ts'un,     Chung 

Li,     Taiwan:        Process    For    Actuating    A    Hydraulic    Prime 
Mover  Through   Conversion   Of  Energy  In   Water   Current 

4,158,780  Eric     Wood,     42     Haggs     Hill     Rd.,     Ossett,     W.     Yorkshire, 

England:      Power    Generation   Systems  In   Buoyant    Structures 

4.159.188  Francisco  J.G.  Atencio,  3105  Diamante,  Entre  Rios, 
Argentina:     Dam   With  Reversible  Hydroelectric  Station 

4,160,624  Nu    Watt,     Inc.:       Water    Vehicle- Actuated    Air    Compressor 

And   System   Therefor 

4,162,409  CUV    "Progress,"    Sofia,    Bulgaria:       Device    For    Converting 

The   Energy   Of  Sea   Water 

4,163,633  Joseph    A.    Vriend,     P.O.    Box    505,     Squamish,    B.C.     Canada 

(VON  3GO):      Apparatus   For   Producing   Power   From    Water 
Waves 

4 ,  163 ,  905  Fred      E.      Davison,      Highwood,      Mont.      59450:  Electric 

Generating   Water   Power   Device 

4,164,383  Michael      J.      French,      UK     Atomic      Energy     Authority,      11 

Charles      II      St.,       London      UK:  Water      Wave      Energy 

Conversion   Device   Using   Flexible    Membranes 

4,170,114  Robert   L.    Pruett,    Rt.    2,    Box  69,    Gardnerville ,    NV     89410: 

Recirculating   Submersible  Turbine 

4,170,428  Francisco      J.G.       Atencio,      3105      Diamante,      Entre      Rios, 

Argentina:      Dam    With   Suspended   Hydroelectric   Station 

4,170,738  Q  Corporation:      Energy   Device    Powered    By  The   Motion   Of 

Water   Beneath   Waves 

4.171.189  Gus  Schreiber,  1430  Medical  Arts  Bldg.,  Dallas,  TX  75201: 
Lift-force  Pump  Activated  By  The  Weight  And  Buoyancy 
Of   Giant    Buoys 

4,172,689  Ivar   Thorsheim,    Kalkfjellet    15,    1370   Asker,    Norway:      Wave 

Power    Generator 
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GEOTHERMAL  AND  OTHER  NATURAL  TERRESTRIAL  HEAT  ENERGY 


This  profile  includes  systems  which  are 
responsive  to  thermal  energy  obtained 
from  a  natural  terrestrial  source  (earth 
or  water)  to  generate  power.  Included 
are  systems  which  derive  their  power 
from  geothermal  heat  sources  or  from 
temperature  differentials  in  natural 
fluids,  as  in  various  layers  of  sea 
water. 


INCLUDED        IN        THIS        PROFILE        ARE 
SELECTED  PATENTS   FROM: 

Class   60,  Subclasses  398,641,698 

Class   415,  Subclasses  2-5,7,8 

Class  416,  Subclasses  37,41,85 

Class  417,  Subclasses  334,379 

ACTIVITY  INDICES    (1976-1978) 


GROWTH 
FOREIGN   SHARE 
CORPORATE   OWNED 
GOVERNMENT  OWNED 
U.S.   OWNED   OF  FOREIGN 


49.4% 
0.0% 

51.2% 
2.4% 
0.0% 


PATENT   ACTIVITY 

BY  PATENT  GRfiNT  DATE 
1969-1978 


Patent*   40  -i 


30- 


TOTfiL 

A * A 

U.S.  ORIGIN 


20- 


1969    70    71 


72    73    74    75    76    77  78 


BY  APPLICRTION  FILING  DRTE 
1967-1976 


TOTAL 

U.S.  ORIGIN 
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GEOTHERMAL  AND  OTHER  NATURAL  TERRESTRIAL  HEAT  ENERGY 


ASSIGNEES  WITH  1  OR  MORE  PATENTS  (1/69  -  12/78) 


SPERRY  RAND  CORPORATION  14 

STATHAM  INSTRUMENTS,  INC.  3 

GEOTHERMAL  INVESTMENT  CO.  3 

TEXACO  DEVELOPMENT  CORPORATION  3 

INTERNATIONAL  SALT  COMPANY  3 

MAGMA  ENERGY  INC.  2 

TEXACO  INC.  2 

UNITED  STATES  OF  AMERICA,  DEPARTMENT  OF  ENERGY  2* 

CARRIER  CORPORATION  1 

DOW  CHEMICAL  COMPANY  1 

FOSTER  WHEELER  ENERGY  CORPORATION  1 

CARNEGIE-MELLON  UNIVERSITY  1 

HUGHES  AIRCRAFT  COMPANY  1 
INTERNATIONAL  TELEPHONE  AND  TELEGRAPH  CORPORATION    1 

MITSUBISHI  HEAVY  INDUSTRIES,  LTD.  1 

LOCKHEED  CORPORATION  1 

PACIFIC  POWER  AND  PROTEIN,  INC.  1 

ROGERS  ENGINEERING  CO.,  INC.  1 

OCCIDENTAL  PETROLEUM  CORPORATION  1 

UNITED  STATES  OF  AMERICA,  ARMY  1 

CHEVRON  RESEARCH  COMPANY  1 

SEA  SOLAR  POWER,  INC.  1 

GENERAL  MOTORS  CORPORATION  1 


^COMPOSITE  TOTAL,  SEE  APPENDIX  A 
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GEOTHERMAL  AND  OTHER  NATURAL  TERRESTRIAL  HEAT  ENERGY 

PATENTING  UPDATE  (1/79-10/79) 

Patent   No.  Assignee   &   Title 

4,132,075  Union      Oil      Company      of      CA;  Method      Of      Producing 

Mechanical  Energy  From    Geothermal  Brine 

4,132,269  Union     Oil     Company     of     CA:         Generation     Of     Electricity 

During   The  Injection   Of  A   Dense   Fluid  Into    A   Subterranean 
Formation 

4.137.719  Robert  W.  Rex,  2780  Casalero  Dr.,  La  Habra,  CA  90631: 
Method   For   Energy   Extraction  From    Hot   Rock   Systems 

4.137.720  Robert  W.  Rex,  2780  Casalero  Dr.,  La  Habra,  CA  90631: 
Use  of  Calcium  Halide-Water  As  A  Heat  Extraction 
Medium   For   Energy  Recovery  From   Hot    Rock   Systems 

4,138,851  Bechtel     International     Corp.:         Apparatus     And    Method    Of 

Geothermal   Energy   Conversion 

4,142,108  Sperry    Rand    Corporation:        Geothermal    Energy    Conversion 

System 

4,144,715  Union      Oil      Company      of      CA:  Method      Of      Producing 

Mechanical   Energy   From    Geothermal  Fluids 

4,149,385  Itzhak    Sheinbaum,     2038    E.     Altadena    Dr.,     Altadena,     CA 

91107:  Well     Stimulation     And     Systems     For     Recovering 

Geothermal   Heat 

4,151,260  Union      Oil      Company:  Hydrogen      Sulfide      Abatement     In 

Geothermal  Steam 

4,163,904  Lawrence    Skendrovic,    402    Glencoe    Dr.,    West    Mifflin,    PA 

15122:      Understeam   Turbine   Plant 

4,166,363  Societe    ITI    Ltd.:       Method    Of    Energy    Conversion    Utilizing 

A   Tubular  Iceberg 

4,167,099  Occidental     Petroleum   Corporation:       Countercurrent    Direct 

Contact   Heat    Exchange   Process   And   System 

4,170,878  Charles    E.    Jahnig,    5    Auldwood   Lane,    Rumson,    NJ      07760: 

Energy    Conversion    System   For   Deriving  Useful   Power  From 
Sources   Of  Low   Level   Heat 
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APPENDIX    A   -   EXPLANATORY   NOTES 


Composite  Total  (Part  ZB):  Part  ZC  of  each  profile  comprises  an 
alphabetical  listing  of  assignees.  In  some  instances,  assignees  are  listed  in 
more  than  one  place  due  to  variations  in  the  printing  of  the  name.  These 
variations  occur  for  a  number  of  reasons,  such  as  typographical  errors, 
changes  in  company  names  or  differences  in  spacing  or  abbreviations.  In 
Part  ZB  of  each  profile,  which  ranks  assignees  according  to  number  of 
patents  held,  the  number  of  patents  listed  for  certain  assignees  may  be  a 
composite  resulting  from  the  combination  of  different  titles  which  in  fact 
signify  identical  assignees.  An  asterisk  appears  next  to  these  totals.  This 
will  alert  the  reader  that  the  particular  assignee  is  listed  under  more  than 
one    title   in  Part    ZC.      Such   assignees   are    listed   below. 

For:       AGENCE   NATIONALE   DE   VALORISATION   DE   LA 
RECHERCHE   ANVAR 
See    Also:       AGENCE   NATIONALE   DE   VALORISATION   DE   LA   RECHERE 
(ANVAR) 

For:       RAYTHEON   COMPANY 
See    Also:       RAYTHEON   CORPORATION 

For:       UNITED    STATES   OF    AMERICA,    DEPARTMENT   OF   ENERGY 
See   Also:       UNITED   STATES   OF   AMERICA,    ATOMIC   ENERGY 
COMMISSION 

For:       UNITED    STATES   OF    AMERICA,    NATIONAL   AERONAUTICS 
AND   SPACE   ADM 
See    Also:       NATIONAL   AERONAUTICS   AND   SPACE   ADMINISTRATION 


Application  Filing  Date:  The  application  filing  date  information  as  set 
forth  in  Parts  1  and  ZA  of  the  profiles  is  determined  by  taking  all  of 
those  patents  which  issued  between  1967  and  1978  and  distributing  them 
yearly  based  on  the  date  when  the  application  was  filed.  Patents  which 
were  granted  prior  to  1967  are  not  included  since  the  application  date 
information  for  these  patents  is  not  in  the  data  base.  Also,  applications 
which  were  filed  but  never  issued  (roughly  30%  of  the  total  filings),  as 
well  as  those  applications  which  were  still  pending  as  of  December  31, 
1978  are  not  included.  Thus,  only  those  applications  which  were  filed  and 
subsequently  became  patents  with  patent  grant  dates  between  1967  and 
1978   are    included. 

While  the  length  of  time  between  the  patent  application  date  and  the 
patent  grant  date  varies,  the  current  pendency  is  approximately  Z0  months. 
Clearly  many  applications  filed  in  1978  were  still  pending  at  the  end  of 
1978,  as  were  a  number  of  those  filed  in  1977.  While  a  small  number  of 
applications  which  were  filed  prior  to  1977  were  still  pending,  OTAF  feels 
that  the  application  date  data  prior  to  January  1977  is  essentially 
complete.  That  is,  the  number  shown  for  applications  filed  in  the  years 
prior  to  1977  will  not  differ  substantially  with  the  passage  of  time,  and 
this   number    is    a   true   reflection   of   the   number   of  applications    filed   in   that 
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year  which  have  and  will  become  patents.  However,  for  the  subsequent 
years,  1977  and  1978,  that  number  will  increase  as  more  applications 
become   patents. 

For  those  years  prior  to  1967,  it  should  be  remembered  that  the  numbers 
reflect  only  those  applications  which  became  patents  between  1967  and 
1978.  Thus,  the  column  "pre  65"  does  not  reflect  all  applications  filed 
before  1965  but  only  those  which  issued  in  1967  and  subsequently.  The 
graph  of  this  information  in  Part  1  of  each  profile  is  limited  to  the  years 
1967  to  1976  and  thus  is  an  essentially  accurate  reflection  of  activity 
based   on   the    application   dates   of  subsequently   issued   patents. 

Assignee  -  This  term  refers  to  companies,  organizations  or  individuals  to 
which  the  inventor's  titles  and  rights  to  a  patent  are  assigned.  For  the 
purpose  of  this  publication,  the  assignee  will  in  all  cases  refer  to  the 
assignee  at  the  time  the  patent  was  granted.  Approximately  80%  of  all 
U.S.  patents  are  assigned  when  granted.  By  far,  the  largest  portion  of 
assignees   are    corporations. 

Country  Codes  -  The  following  country  codes  appear  in  Part  2D  of  this 
profile.  Due  to  changes  in  codes  during  the  period  covered,  some 
countries   are   identified   by   more    than   one    code. 

AR-  Argentina 

AU-  Australia 

CA-  Canada 

CH-  Switzerland 

CR-  Costa   Rica 

CT  -  Taiwan 

DK-  Denmark 

DO-  Dominican   Republic 

DT  -  Federal   Republic   of   Germany 

EN  -  England 

ES  -  Spain 

FR  -  France 

IL    -  Israel 

J  A  -  Japan 

NG-  Nigeria 

NZ  -  New   Zealand 

RP  -  Philippines 

SC  -  Scotland 

SE  -  Sweden 

SF  -  Finland 

SU  -  Union   of   Soviet    Socialist   Republics 

SW  -  Sweden 

WI  -  West   Indies 

ZA-  South   Africa 
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APPENDIX    B 

OBTAINING  PREVIOUS   OTAF   PUBLICATIONS** 

Copies  of  the  previous  OTAF  publications  listed  below  are  available 
from: 

National  Technical  Information   Service    (NTIS) 
5285    Port    Royal   Rd. 
Springfield,    Virginia      22161 
(703)    557-4690 

When    ordering    from    NTIS,    please    give    the    publication    title    and   its    "COM"    or    "PB" 
number. 

1.  Initial  Publication,    May    1973 

COM   73-10767;   Cost:      Domestic   -   $6.50  Foreign   -   $13.00 

Describes    OTAF   program    and    gives    sample    reports    on    24   wide   ranging   areas   of 

technology   in   varying   levels   of  detail. 

2.  Early   Warning   Report ,    December    1973 

COM   74-10150;   Cost:      Domestic   -   $11.00        Foreign   -   $22.00 

Spotlights  those  technological  areas  experiencing  a  high  level  of  overall  activity 
or  of  foreign  activity.  Reviews  patent  activity  in  a  number  of  energy  areas, 
including   nuclear;   solar;   geothermal;   and   tide,    wind   and   wave   energy. 

3.  Third   Report,    June    1974 

COM  74-11383;   Cost:      Domestic  -   $9.00        Foreign   -   $18.00 

Presents   an   overview   of   the    technological   activity,    across   all   technologies,    of  a 
group     of     selected     foreign     countries     and     a     group     of     selected     U.S.     states. 
Extends     energy     area     treatments     to     include     oil     shale     and     coal     gasification 
technologies.      Reviews   additional  high   overall   activity   technological   areas. 

4.  Fourth   Report:      A   Review   of  Patent    Ownership,    January    1975 

COM   75-10050;   Cost:      Domestic   -   $7.25        Foreign   -   $14.50 

Identifies  the  73  corporations  and  government  agencies  which  received  500  or 
more  patents  during  the  five  year  period  1969-1973,  and  reviews  and  compares 
their  patent  activity  across  the  spectrum  of  technology.  Also  reviews  in  terms 
of  patent  ownership,  the  patent  activity  during  the  same  period,  in  nuclear 
energy   technology   and   oil   shale   and   coal  gasification   technology. 

5.  Fifth   Report,    August    1975 

COM   75-11142,    Cost:      Domestic   -   $8.00        Foreign   -   $16.00 

Reviews  60  technological  areas,  not  previously  reported  on,  experiencing  a  high 
level  of  overall  activity  or  of  foreign  activity.  Presents  patent  activity  data  in 
categories  corresponding  to  36  Product  Fields  of  the  Standard  Industrial 
Classification   System. 


**    SPECIAL   NOTE:      NTIS   AND   GPO   PRICES   ARE   SUBJECT  TO   CHANGE   WITHOUT 
NOTICE. 


6.  Sixth   Report,    June    1976 

PB   254188,    Cost:      Domestic   -   $9.00        Foreign   -   $18.00 

Reviews  15  technologies  with  unusually  high  activity  by  foreign  resident 
inventors,  and  22  high  overall  activity  technologies;  updates  the  1973  reports 
on  patent  activity  in  solar  and  other  natural  energy  sources,  and  adds  reports 
on  the  use  of  waste  material  and  wind  for  energy  generation.  Presents 
comparisions  of  patenting  to  R&D  expenditures  and  R&D  manpower  allocations 
in  six  selected  industries.  The  report  concludes  with  a  review  of  six  most 
often    cited   patents   in   1975,    5   U.S.   and    1    foreign  patent. 

7.  Seventh   Report ,    March    1977* 

PB   265792,    Cost:      Domestic   -    $9.25        Foreign   -   $18.50 

Reviews  historical  patenting  and  trademark  registration  trends,  and  includes  the 
most  extensive  collection  of  historical  U.S.  patent  data  ever  presented  in  a 
single  publication.  Makes  first  use  in  the  series  of  data  relating  to  patents 
granted  by  foreign  nations  for  a  study  of  invention  sources.  Makes  first  use  in 
the  series  of  pending  patent  application  data  for  forecasting.  Presents  brief 
reviews  of  16  technologies  experiencing  high  overall  or  foreign  patent  activity. 
Concludes  with  the  series  most  comprehensive  assessment  of  activity  in  a  given 
technology,    specifically   in   computer    memories. 

8.  Eighth   Report ,    December    1977* 

PB   276375,    Cost:      Domestic   -   $7.25        Foreign   -   $14.50 

Reviews    U.S.    patenting    in    the    context    of    domestic    vs.    international    patenting 
and    analyzes    the    balance    of    patenting    between    the    U.S.    and    other    countries. 
Presents    a   study   demonstrating   the   uniqueness   of  patents   and   the  patent    file   as 
a   technological   resource.      Concludes   with   an   in-depth   analysis   of  patent    activity 
in   geophysical   exploration   for   hydrocarbons. 

9.  Ninth   Report,    March    1979* 

PB   293380    Cost:      Domestic   -   $9.00        Foreign   -   $18.00 

Reviews  "Top  Fifty"  most  active  technologies  (U.S.P.C.  subclasses)  in  three 
categories  —  Most  Active,  Fastest  Growing,  and  Most  Foreign- Active  —  for 
each  of  three  broad  groupings  of  technology  --  Chemical,  Electrical  and 
Mechanical.  Examines  trends  in  domestic  patenting  and  independent  inventor 
patenting.  Includes  an  extensive  review  of  patenting  in  "Ferrous  Metal" 
technologies.  Concludes  with  a  discussion  of  two  experiments  in  the  transfer  of 
"appropriate    technology"    to   small  businesses   and   developing   countries. 

NTIS   Microfilm   of  Previous   Reports 

Domestic   -   $3.00  per   report;  Foreign   -    $4.50  per   report 

*NOTE:  The  Seventh,  Eighth,  and  Ninth  Reports  may  also  be  obtained  from  the 
Superintendent  of  Documents;  U.S.  Government  Printing  Office;  Washington,  D.C. 
20402.      Their   identification  numbers   and   costs   are: 

.    Seventh   Report   003-004-00542-4,    price:   Domestic   **$4.25; 
.    Eighth   Report   003-004-00550-5,    price:    Domestic   **$3.75; 
.    Ninth   Report   003-004-00559-9,    price:    Domestic   **$4.00. 

**Add    25%   handling   cost    for    foreign   orders 
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APPENDIX    C 
OBTAINING   ADDITIONAL  INFORMATION   OR-  SPECIAL   REPORTS 
Background 
OTAF's   computerized   base   of   data   relating   to    the   patent    file   includes,    at   present: 

-  all   subclasses   of   the   U.S.    Patent    Classification   System 

-  the  relationship  of  all  subclasses  of  the  U.S.  Patent  Classification  System  to  the 
Standard  Industrial  Classification  System  in  55  Product  Fields  and  Product  Field 
combinations 

-  for   U.S.   patents    issued   since    1963, 

.  the  ownership  at  time  of  issue  in  seven  categories  (U.S.  government,  foreign 
government,  U.S.  corporation,  foreign  corp'oration,  U.S.  individual,  and 
unassigned) 

.    the    country   or   state   of  residence   of   the   inventor 

-  for   U.S.   patents   issued   since    1967, 

.    the   date    the    application    for   patent    was   filed   in   the   U.S.    Patent   and  Trademark 
Office 

-  for   U.S.   patents   issued   since    1969, 

.  the  specific  (i.e.  named)  ownership  of  all  patents  which,  at  time  of  issue, 
were  organizationally  owned  (e.g.,  by  a  corporation,  foundation,  government 
agency). 

.    the   patent    title 

-  for   U.S.   patents    issued   since    1975, 

.  the  address  of  the  inventor,  and  the  field  of  search  and  references  cited  in 
the   patentability   examination   leading   to    the   patent    grant. 

Special   Reports 

Data  can  be  retrieved  on  the  basis  of  any  one  or  any  combination  of  the  factors  listed 
above,  manipulated  on  most  any  given  basis  and  presented  in  a  number  of  formats, 
e.g.,  lists,  tables,  graphs,  charts,  etc.  This  flexiblity  is  illustrated  by  the  various 
types  of  reports  presented  in  this  Appendix  and  in  the  nine  OTAF  previous  general 
distribution   publications. 

OTAF  has  developed  several  standard  special  report  programs  which  are  designed  to 
extract  and  present,  for  any  given  grouping  of  patents,  a  wide  variety  of  data. 
Excerpts  from  samples  of  reports  prepared  using  these  programs  are  included  in  this 
Appendix. 


STANDARD   SPECIAL   REPORTS 


"Technology   Profile"    Report 

This  is  a  multi-part  report  utilizing  many  of  the  elements  in  OTAF's  data  base  to 
provide  a  detailed  patent  profile  for  a  specific  technology  or  grouping  of  technologies. 
Information  provided  includes  rate  of  patenting,  origin  of  patenting,  type  of  assignment 
and  specific  assignment,  patent  numbers  and  their  titles,  and  names  and  addresses  of 
"independent"  inventors.  There  are  four  parts  (parts  A,B,C,&D)  which  comprise  a 
complete  report.  Part  A  includes  patenting  activity  percentages,  general  assignment 
and  distribution  of  origin  of  patents;  Part  B  includes,  by  assignee,  the  numbers  of 
patents  granted  by  both  year  of  application  filing  and  grant  date,  ranked  by  assignee 
with  highest  number  of  patents;  Part  C  includes,  alphabetically,  the  assignees  and  their 
specific  patent  numbers  and  titles;  Part  D  gives  the  name  and  address  of  the  inventors 
of  patents  unassigned  at  time  of  issue.  Any  Part  can  be  prepared  depending  on  your 
needs.  This  PATENT  PROFILES  publication  is  itself  an  example  of  the  kinds  of  data 
presented   in   a   "Technology   Profile"   report. 

"Organizational  Profile"   Report 

Beginning  on  page  185  are  excerpts  from  the  second  of  OTAF's  standard  format  special 
reports.  The  sample  report  profiles  the  patent  activity  across  the  classes  and 
subclasses  of  the  U.S.  Patent  Classification  system.  A  report  for  Communications 
Satellite  Corp.  is  given  as  an  example.  Two  pages  of  the  40  page  report  are  included. 
This  type  of  report  can  be  prepared,  for  example,  on  the  patents  of  any  organization 
or  grouping  of  organizations,  or  on  the  patents  granted  to  the  residents  of  any  state  or 
country  or   grouping   of  states   or   countries. 

Multi-Corporate   Patent   Activity  Profile 

Like  the  above  described  Organizational  Profile,  this  report  also  profiles  1969-1978 
patent  activity  across  the  classes  and  subclasses  of  the  U.S.  Patent  Classification 
System.  In  this  report  the  activity  of  up  to  eight  organizations  can  be  profiled 
simultaneously,  facilitating  comparisons  between  organizations.  Unlike  the  Organiza- 
tional Profile  no   patent    numbers   or   patent    titles   are   given. 

SIC   Product   Field   Reports 

On  pages  187  to  189  is  a  listing  of  Standard  Industrial  Classification  (SIC)  Product 
Fields  for  which  a  concordance  exists  with  subclasses  of  the  U.S.  Patent  Classification 
System.  Special  patent  reports,  such  as  the  "Technology  Profile"  Report  can  be 
prepared    for    any   of   these   Product   Fields. 
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How   to   Obtain   Special   Reports 

1.  In  making  an  initial  determination  of  interest  in  a  special  OTAF  report,  you  are 
urged  to  review  the  data  items  that  are  available  and  decide  if  any  one  or  combination 
of  them,  or  any  relationship  between  two  or  more  of  them,  might  be  useful  to  your 
needs.  Special  attention  should  be  given  to  the  standard  format  reports  to  determine 
if   these   multi-purpose,    relatively   low    cost    reports   would   meet   your   needs. 

2.  In  most  instances,  interest,  once  determined,  will  be  limited  to  particular 
technological  areas  or  to  particular  organization  owning  patents.  In  the  case  of 
technological  areas,  their  definition  is  of  key  importance  and  must  ultimately  be  in 
terms  of  classes  and  sub-classes  of  the  U.S.  Patent  Classification  System  (or  one  of  the 
55  SIC  Product  Fields  or  Field  combinations).  If  you  are  unfamiliar  with  the  U.S. 
Patent  Classification  System,  develop  as  clear  and  precise  an  explanation  of  your 
area(s)  of  interest  as  possible.  For  assignment  information,  the  parent  organization  and 
its  subsidiaries  of  interest  should  be  identified.  Recent  name  changes  (e.g.  Esso-Exxon) , 
if   known,    should   be   indicated. 

3.  At  this  point,  you  should  contact  OTAF,  indicate  the  type  of  information  you  desire 
and,  if  you  wish,  what  your  needs  are.  (Perhaps  alternatives  can  be  suggested  to 
better  meet  those  needs).  If  you  cannot  provide  class  and  subclass  definition  of  your 
area  of  interest,  OTAF  will  attempt  to  do  that  for  you,  using  your  description  of  the 
area. 

4.  Once  there  is  a  clear  mutual  understanding  of  the  information  you  want,  the  format 
in  which  you  want  it  and  the  area(s)  to  be  included,  an  estimate  of  cost  will  be 
developed   and   provided    to   you   along   with   a  statement    of   the    work   to   be   done. 

5.  Once  agreement  on  work  to  be  done  and  cost  is  reached,  and  payment  is  received, 
the   report    will  be  prepared    and  provided. 

Costs 

All  special  reports  are  prepared  on  a  cost  reimbursable  basis.  These  costs  may  vary 
widely  -  from  as  low  as  $50.00  for  some  forms  of  our  standard  format  reports,  to 
several  thousand  dollars  for  complex  and  large  scale  treatments  of  many  technological 
categories,  requiring  extensive  professional  time,  or  programming  and/or  computer  time. 
Cost  estimates  for  specifically  requested  special  reports  will  be  provided  prior  to  report 
preparation. 

Whom    to    Contact 

Inquiries    concerning   OTAF   publications/services    are    invited   and   should   be   directed   to: 

Office   of  Technology   Assessment 

and   Forecast 
U.S.    Patent    and   Trademark   Office 
Washington,    D.C.      20231 
Phone:      (703)    557-3050 
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SIC  PRODUCT  FIELDS 

PRODUCT  FIELDS  SIC  CATEGORY 

Food  and  Kindred  Products  20 

Textile  Mill  Products  22 

Chemicals  and  Allied  Products  28 

Chemicals,  Except  Drugs  &  Medicines  281,  282,  284-289 

Basic  Industrial  Inorganic  &  Organic 

Chemistry  281,  286 

Industrial  Inorganic  Chemistry  281 

Industrial  Organic  Chemistry  286 

Plastics  Materials  &  Synthetic  Resins  282 

Agricultural  Chemicals  287 

All  Other  Chemicals  284,  285,  289 

Soap,  Detergents,  and  Cleaning 

Preparations,  Perfumes,  Cosmetics 

&  Other  Toilet  Preparations  284 

Paints,  Varnishes,  Lacquers,  Enamels, 

and  Allied  Products  285 

Miscellaneous  Chemical  Products  289 

Drugs  and  Medicines  283 

Petroleum  &  Natural  Gas  Extraction  & 

Petroleum  Refining  13,  29 

Rubber  &  Miscellaneous  Plastics  Products  30 

Stone,  Clay,  Glass  and  Concrete  Products  32 

Primary  Metals  33,  3462,  3463 

Primary  Ferrous  Products  331,  332,  3399, 

3462 

Primary  &  Secondary  Non-Ferrous  Metals  333-336,  339 

(except  3399)  , 
3463 

Fabricated  Metal  Products  34  (except  3462, 

3463,  348) 


PRODUCT  FIELDS  SIC  CATEGORY 

Machinery,  Except  Electrical  35 

Engines  &  Turbines  351 

Farm  &  Garden  Machinery  & 

Equipment  352 

Construction,  Mining  &  Material 

Handling  Machinery  &  Equipment  353 

Metal  Working  Machinery  &  Equipment  354 

Office  Computing  &  Accounting  Machines  357 

Other  Machinery,  Except  Electrical  355,  356,  358, 

359 

Special  Industry  Machinery,  Except 

Metal  Working  Machinery  355 

General  Industrial  Machinery  & 

Equipment  356 

Refrigeration  &  Service  Industry 

Machinery  358 

Miscellaneous  Machinery,  Except  Electrical   359 

Electrical  and  Electronic  Machinery, 

Equipment  and  Supplies  36,  3825 

Electrical  Equipment,  Except  Communica- 
tion Equipment  361-364,  369, 

3825 

Electrical  Transmission  &  Distribution 

Equipment  361,  3825 

Electrical  Industrial  Apparatus  362 

Other  Electrical  Machinery,  Equipment 

&  Supplies  363,  364,  369 

Household  Appliances  363 

Electrical  Lighting  &  Wiring 

Equipment  364 

Miscellaneous  Electrical  Machinery, 

Equipment  &  Supplies  369 
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PRODUCT  FIELDS  SIC  CATEGORY 

Communication  Equipment  &  Electronic 

Components  365-367 

Radio  &  Television  Receiving  Equip- 
ment, Except  Communication  Types  365 

Electronic  Components  &  Accessories 

&  Communication  Equipment  366-367 

Transportation  Equipment  37,  348 

Motor  Vehicles  &  Other  Transportation  348,  371,  373-376, 

379 

Motor  Vehicles  &  Motor  Vehicles 

Equipment  371 

Guided  Missiles  &  Space  Vehicles  &  Parts  376 

Other  Transportation  Equipment  373-375,  379 

(except  3795) 

Ship  &  Boat  Building  &  Repairing  373 

Railroad  Equipment  374 

Motorcycles,  Bicycles  &  Parts  375 

Miscellaneous  Transportation  Equipment  379  (except  3795) 

Ordnance  Except  Missiles  348,  3795 

Aircraft  &  Parts  37  2 

Professional  &  Scientific  Instruments  38  (except  3825) 
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